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The embryology o f  U. s t e l i a r i s  v a r .  i n f  l e x  a , U. a r ­
c u a t a , U. u l i g i n o s a  and U. s t r i a t u l a  has  been  d e s c r ib e d .  A 
c o n s id e ra b le  range  of  v a r i a t i o n s  h a s  been  observed  i n  th e  em­
b ry o  l o g i c a l  f e a t u r e s  o f  t h e s e  s p e c i e s .
U t r i c u i a r i a  s t e l i a r i s  v a r .  i n f l e x a  i s  an a q u a t i c ,  
r o o t l e s s ,  f r e e - f l o a t i n g  annua l  h e r b .  I t s  v e g e t a t i v e  p a r t s  
a r e  submerged, w h ile  t h e  unbranched  i n f lo r e s c e n c e  grows out 
o f  t h e  s u r f a c e  of w a te r .  A whorl o f  f l o a t s  i s  p r e s e n t  a t  
th e  ba se  of each  i n f l o r e s c e n c e .  The stem i s  j o i n t e d  and 
racem ose ly  b ra n c h e d .  The pa lm ate  l e a v e s  a p p ea r  t o  be s t i -  
p u l a t e . The l e a v e s  have f i v e  segm ents ,  each  o f  which i s  
d i s s e c t e d  i n to  c a p i l l a r y  p r o l o n g a t i o n s .  The two l a t e r a l  
segm ents a r e  u s u a l l y  devoid  o f  b l a d d e r s  and th e  rem ain ing  
t h r e e  segments b e a r  l e n t i l - l i k e  t r a p s  o r  / b l a d d e r s  «£' U. 
a r c u a t a ,  U. u l i g i n o s a  ( t e r r e s t r i a l  s p e c ie s )  and U. s t r i a ­
t u l a  (an  e p i p h y t i c )  a re  r o o t l e s s  annua l  h e rb s .  I n  t h e s e  
s p e c i e s  t h e r e  i s  a c e n t r a l  body from which ru n n e r s ,  s t o l o n s  
and i n f l o r e s c e n c e s  a r i s e .  The l e a v e s  a re  p e t i o l a t e  and en­
t i r e .  The b la d d e r s  a re  borne d i r e c t l y  on th e  stem , b e a r i n g  
no d e f i n i t e  r e l a t i o n  w ith  th e  l e a v e s .  The i n f lo r e s c e n c e  i s  
b ra n c h e d  i n  U. a r c u a t a  and U. u l i g i n o s a  and unbranched  i n  
U. s t  r i a t u l a .
The f lo w e r s  a re  b r a c t e a t e  and p e d i c e l l a t e .  The c a ly x
th e
i s  deep ly  2 - l o b e d , / l o b e s  a - e s i m i l a r  i n  shape and a lm ost e q u a l
2i n  s i z e .  The c o r o l l a  i s  b i l a b i a t e  and p e r s o n a t e .  There a re  
two stam ens whose f i l a m e n t s  a re  s t ro n g ly  cu rv ed .  The a n th e r s  
a re  b i l o b e d  and 4 - chambered. The gynaeceum i s  b i - c a r p e l l a r y  
and  u n i l o c u l a r .  The two s t i g m a t i c  lo b e s  a re  a lm ost  e q u a l ly  
dev e lo p ed  in  U. a r c u a t a and U. u l i g i n o s a . The p o s t e r i o r  s t i g ­
m a t ic  lo b e  i s  f e e b ly  deve loped  i n  U. s t e l l a r  i s  v a r .  i n f  l e  xa 
and t o t a l l y  a b s e n t  i n  U. s t r i a t u l a . The a n t e r i o r  s t i g m a t i c  
lo b e  i n  a l l  th e  s p e c ie s  d e s c r ib e d  h e re ,  i s  p a p i l l a t e .  Both  
t h e  s t i g m a t i c  lo b e s  may sometimes b e a r  p a p i l l a e  i n  U. u l i g i n o s a . 
The s i n g l e  p l a c e n t a  i s  f r e e  c e n t r a l .  I t  i s  s p h e r i c a l  and co­
v e re d  o v e r  by i n d e f i n i t e  number of  ovu les  i n  U. s t  e l  l a r i s  v a r .  
i n f l e x a .  I n  U. a r c u a t a  and U. u l i g i n o s a the  p l a c e n ta  i s  com­
p r e s s e d  and i t s  extreme apex i s  s t e r i l e .  In  U. s t r i a t u l a  th e  
p la c e n ta * ,  i s  dome-shaped w ith  s p i r e - l i k e  apex which does n o t  
b e a r  o v a l e s .  Som etimes, from th e  base  o f  the  a p i c a l  p a r t  o f  
th e  p l a c e n t a ,  two ou tg row ths  may develop  i n t o  p a p i l l a t e  s t ig m a ­
l i k e  s t r u c t u r e  i n  U. u l i g i n o s a . O c c a s io n a l ly  t h e  p l a c e n t a  may 
be b ran ch ed  i n  U. s t e l l a r  i s v a r .  i n f l e x a  and a tendency  tow ards  
th e  development o f  a septum i n  the  ovary  i s  a l s o  o b se rv e d .
The f l o r a l  bud a r i s e s  i n  th e  a x i l  o f  a b o a t - s h a p e d  b r a c t  
I t  i s  a lm ost  s t r a i g h t  in  U. s t r i a t u l a * I n  t h i s  s p e c i e s ,  a  down 
wax*d p r o j e c t i o n  of s i g n i f i c a n t  s i z e  dev e lo p s  from th e  p o in t  o f  
i n s e r t i o n  o f  th e  b r a c t .  The f l o r a l  o rg an s  a r i s e  i n  a c r o p e t a l  
s u c c e s s io n .  The gynaeceum a r i s e s  l a s t  o f  a l l .  The ovary  w a l l  
grows upwards w hile  converg ing  inw ards to  cover  the  f l o r a l  apex  
which u l t i m a t e l y  d i f f e r e n t i a t e s  a s  the  primordium  o f  th e  p l a ­
c e n t a .  I n  a mature f lo w er  o f  U. s t r i a t u l a . the  f l o r a l  o rg an s
3f a c e  the  b r a c t  and the  f l o r a l  a x i s  and the  p e d ic e l  a r e  se e n  
s i t u a t e d  i n  th e  same v e r t i c a l  p la n e .  I t  i s  an u n iq u e  f e a t u r e  
o f  b .  s t r i a t u l a .  E p ide rm a l  h a i r s ,  g l a n d u la r  o r  o th e rw is e ,  
d ev e lo p  on th e  f l o r a l  p a r t s .  These h a i r s  may be u n i c e l l u l a r , 
u n i s e r i a t e  m u l t i  c e l l u l a r ,  o r  c lu b -sh a p e d .  Some of them a p p e a r  
to  be s p e c i f i c  to  one s p e c i e s ,  w hile  o t h e r s  a r e  common to  most 
o f  them.
O vules borne  on a p l a c e n ta  a re  no t a t  the  same s ta g e  
o f  developm ent; th o se  s i t u a t e d  n e a r  th e  to p  a re  the  o l d e s t  and 
a t  the  bo ttom  th e  y o u n g e s t .  A n u t r i t i v e  t i s s u e  d i f f e r e n t i a t e s  
i n  the  p l a c e n t a ,  n e a r  th e  base  o f  each  o v u le .  The o v u le s  a re  
a n a t ro p o u s  i n  U. s t e l i a r i s v a r .  i n f l e x a , an a -cam p y lo tro p o u s  in  
H* a r c u a t a  and U. u l i g i n o s a  and in  U. s t r i a t u l a  the  form of 
the  ovule a p p e a r s  to  be i n t e r m e d ia t e  between a n a t ro p o u s  and 
ana-campy l o t r o p o u s . O c c a s io n a l ly  d e p a r tu r e s  from th e  above 
t h r e e  ty p e s  o f  o v u le s ,  r a n g in g  from o r th o t r o p o u s  to  hem iana- 
t ropous ,m ay  o c c u r  in  U. s t e l i a r i s  v a r .  i n f l e x a , U. a r c u a t a  
and U. u l i g i n o s a . The o v u le s  a r e  u n i teg m ic  and t e n u i n u c e l -  
l a t e .  The m icropy le  in  a n a t ro p o u s  o v u le s  i s  wide and s h o r t  
and d i s a p p e a r s  a f t e r  th e  d i s s o l u t i o n  of th e  s in g le  l a y e r e d  
n u c e l l u s .  Sometimes i n  U. s t e l i a r i s  v a r .  i n f l e x a , the f r e e  
end o f  t h e  in tegum en t  and n u c e l l u s  are  seen  to u c h in g  th e  
p l a c e n t a l  s u r f a c e ,  c o n seq u en t ly  in  such c a se s  t h e  m icropy le  
i s  a l t o g e t h e r  a b s e n t .  I n  ana -  campy l o t r o p o u s  ovu les  t h e  mi-
♦
c ro p y le  i s  w e l l  d e f in e d  and o f  c o n s id e ra b le  l e n g t h .  Endo­
th e l iu m  i s  d i f f e r e n t i a t e d  in  U. s t e l i a r i s  v a r .  i n f l e x a  a l o n e .  
I n  th e  young ovule  of U. u l i g i n o s a , th e  i n n e r  most l a y e r  o f  
t h e  in tegum en t  p o s s e s s e s  the c h a r a c t e r i s t i c s  o f  en d o th e l iu m ,
4b u t  i n  o ld  o v u le s  t h e  so chaz’a c t  e r i s t i c s  a r e  l o s t .  In  U. a r ­
c u a ta  and U. u l i g i n o sa  endo th e l iu m  i s  no t  d i f f e r e n t i a t e d .  I n  
U. s t e l l a - i s  v a r .  i n f l e x a  and s t r i a t u l a , a f t e r  t h e  d i s o r -  
; a n i z a t i o n  o f  t h e  n u c e l l u s ,  th e  e rb ry o  sac  be cones naked and 
i 'us a p i c a l  p a r i  e x te n d s  beyond th e  o v u le .  I n  U. a r c u a t a  and 
U. u l i g i n o  s a , a f t e r  th e  d e g e n e ra t io n  of  th e  n u c e l l u s ,  t h e  em­
bryo  sac e n t e r s  t h e  r i c r o p y l a r  c a n a l  and rei.sains w i t h in  th e  
o v u le  t i l l  t h e  e a r l y  L -n u c le a te  s t a p e .
U su a l ly  a s i n g l e  hypo d e n  a l  c e l l  d i f f e r e n t i a t e s  as  
t h e  fem ale  a rc h e s  poriu:. •. The a r c h e s p o r iu n  may be 2 - c e l l e d  in  
U . a r c u a t a ,  U. u l i g i n o  a a and U. s t r i a t u l a .  The two a rc h e s p o -  
r i a l  c e l l s  a re  u s u a l l y  s i t u a t e d  s i c e  by s id e  and r a r e l y  one 
above the o t h e r .  The a r c h e s p o r i a l  c e l l  d i r e c t l y  f u n c t i o n s  a s  
t h e  n eg asp o re  u o t h e r  c e l l  w i th o u t  c u t t i n g  o f f  a p a r i e t a l  c e l l .  
Two : egaspo -e  t e t r a d s  r a y  deve lop  i n  t h e  sarue ovule  in  U. 
a r c u a t a .  U su a l ly  t h e  i .egaspore  t e t r a d s  a re  l i n e a r .  Consi­
d e ra b le  v a r i a t i o n s  o c c u r  in  th e  form of th e  t e t r a d s .  T-shaped 
t e t r a d s  o c c u r  i n  a l l  t h e  fo u r  s p e c i e s  d e s c r ib e d  h e r e ,  L -shaped  
and a l :  o s t  rhoi b o i d a l  t e t r a d s  i n  U. s t e l l a r  i s  v a r .  i n f l e x a ; Jr- 
shaped  t e t r a d s  have bee., obse rved  i n  U. s t e l l a r i s  v a r .  i n f l e x a  \  
and U. u l i g i n o s a . ho;, e negas :)ores nay p o ss e ss  one o r  two su­
pernum erary  1, ' i c r o - n u c le i  i n  U. s t e l l a r i s  v a r .  i n f l e x a . U s u a l ly  
th e  u p p e r  t h r e e  . ega sp o re s  o f  a l i n e a r  t e t r a d  d eg e n e ra te  and th e  
e h a l a z a l  deve lops  i n to  th e  ehbryo s a c .  o ld  t e t r a d s  o f t e n  show 
i ore th a n  one h e a l th y  m eg asp o res . One o r  a l l  t h e  n eg asp o re s  o f  
a t e t r a d  nay a p o e a r  to  be  f u n c t i o n a l  i n  U. s t e l l a r i s  v a r .  in f le x ?
5The development o f  embryo sac conforms to  t h e  Po lygo ­
num t y p e .  At t h e  l a t e  2-n u c l e a te  o r  e a r l y  4 - n u c l e a t e  s t a g e ,  
th e  embryo sac i n  U. s t e l i a r i s  v a r .  i n f l e x a  and U. s t r i a t u l a
e x te n d s  beyond th e  ovule  anc. b e g in s  to  consume t h e  p l a c e n t a l  
t i s s u e ,  w hile  i n  U. a r c u a t a  and U. u l i g i n o s a , i t  e x te n d s  o n ly  
s l i g h t l y  beyond th e  m ic ro p y la r  opening a t  t h e  t im e  o f  o r g a n i -
l,o_on O— ojlxO e g;_^  a p a r a ^ n a ^ i c i  i s  no c i i a u s t o r i a l  • x /iO e£g 
a p p a r a t u s  v isua lly  c o n s i s t s  o f  one egg and two s y n e r g id s  which 
show v a r i a t i o n s  i n  t h e i r  a_-rangement i n  U. s~L.elIo.ris v a r .  i n ­
f l e x a  • The l i n e a r  arrangem ent of th e  egg a p p a r a tu s  i n  t h i s
s p e c i e s  i s  an unique f e a t u r e .  The egg a p p a r a tu s  i s  s i t u a t e d
w i t h i n  t h e  ovule  i n  TJ. s t e l i a r i s v a r .  i n f l e x a ; t h e  sy n e rg id s  i n
U. a r c u a t a  and b .  u l i g i n o s a  p a r t i a l l y  ex ten d  ou t  o f  the  o v u le ,  
p a r t
The i a j o r / o f  th e  s y n e rg id s  and t h a t  o f  th e  egg i s  s i t u a t e d  wi­
l l . in  th e  o v u l e , w hile  th e  egg a p p a r a tu s  i n  U. s t r i a t u l a  i s  o r ­
g a n i s e d  co m p le te ly  o u t s id e  th e  o v u le ,  a t  th e  s u r f a c e  o f  th e  p l a ­
c e n t a .  The two p o l a r  n u c l e i  rem ain  u n fu sed  even a f t e r  the  e n t r y  
o f  th e  p o l l e n  tube  i n t o  th e  embryo sac i n  U. s t e l i a r i s  v a r .  
i n f l e x a , w hile  i n  U. a r c u a t a , U. u l i g i n o s a  and U. s t r i a t u l a  t h e  
p o l a r s  u s u a l l y  fu se  t o  form t h e  secondary  n u c l e u s .  The t h r e e  
a n t i p o d a l s  a r e  i .^ .co n sp icu o u s  and e x h i b i t  v a r i a b l e  a r r a n g e m e n ts . 
fju — etX: os c..ie a n t i p o d a l  ( Oj.' anoi_joda.i_s ) i n  U. s t e l i a r i s  v a r .  i n ­
f l e x a  m..y be o f  u n u s u a l ly  l a r g e  s i z e . The m ature  embryo sac  ex -  
uelicit trom  ont. c~-.alasa co tno p la  cen t  a .  The apex o f  t h e  embryo 
sac  i n  U . s t e l i a r i s  v a i . i n f l e x a  a nd U. s t r i a t u l a  i s  s i t u a t e d  i n  
t h e  c a v i ty  produced by th e  d i s o r  t i o n  of  p l a c e n t a l  n u t r i t i v e
6t i s s u e , w hile  i n  U. £.rcua t a  and U. u l i g i n o s a  i t  to u c h e s  th e  
p l a c e n t a l  s u r f a c e . Some embryo sac# i n  U. s t e l i a r i s  v a r .  i n -  
x 'lexa nay grow to w ard s  th e  c h a l a a a . Sometimes, t h e  embryo sac 
may a l r .o s t  co m p le te ly  s l i p  ou t  o f  th e  ovule  i n t o  t h e  ovary  ca -  
vityis±±5r in  U. s t e l i a r i s  v a r .  i n f l e x a . The a p i c a l  p a r t  o f  th e  
embiyo sac  i n  TJ. a r c u a t a  ay come j u t  o f  t h e  m ic ro p y la r  open ing  
and c re e p  o v e r  t i e  p l a c e n t a l  s u r f a c e  t o  a c o n s id e ra b le  d i s t a n c e . 
Tiie two u u t r i  Oive t i s s u e s , one a t  t i e  c h a la z a  and th e  o t h e r  a t  
t h e  p l a c e n t a ,  arc  e f f i c i e n t  sou rce  o f  n u t r i t i o n .  The d i f f e r e n ­
t i a t i o n  o f  e n d o th e l iu m  i n  U. s t e l i a r i s  v a r .  i n f l exa  i s  an a d d i ­
t i o n a l  sou rce  of  n u t r i t i o n .
xujnor: a l i t i e s  i n  th e  o r g a n i s a t i o n  o f  th e  l a t u r e  embryo 
sac  caused  bjr t h e  i n c r e a s e  in  th e  number o f  n u c l e i  o f  th e  two 
q u a r t e t s  b e h a v in g  a s  p o l a r s  have been  o b se rv ed .  Jn b ry o  sac s  
w i th  t h r e e  f e a r  p c l a r s  o ccu r  i n  U. s t e l i a r i s  v a r .  i n f l e x a
and w i th  t h r e e  p o l a r s  i n  t .  a r c u a t a . I n  the  fo rm e r  s p e c i e s  when 
t h r e e  n u c l e i  o f  t h e  micro p y l a r  c ,uar tu t  move down a s  p o l a r s ,  b o t h  
t h e  s y n e r g id s  a re  a b s e n t . I n  case two n u c l e i  of t h e  micro p y l a r  
cua . t e t  behave a s  p o l a r s ,  t h e  sac has  th e  e_g and one s y n e r g id .  
The sa; e i s  t r u e  f o r  ch.e n u c l e i  o f  the c h a l a z a l  q u a r t e t  and th e  
rcumber o f  a . i t i p o d s l s .  I . u l t i p l e  s a c s  a re  q u i te  f r e q u e n t  i n  U. 
c t e i l c . r l s  v a r . i n f l e x a . So m e t!  e s  th e  tw in  s a c s  icay g e t  f e r t i -  
l i z .  d u,.tu show advance s t a g e s  o f  developm ent.  O c c a s io n a l ly ,
• f i v e  ex.bryo s a c s  a t  d i f f e r e n t  s t a g e s  o f  development may be p re ­
s e n t  in  th e  sai.e o v u le .  wne case  o f  t r i p l e t  has  been  observed  
i n  U. a r c u a t a .
7The hypodermal l a y e r  d i f f e r e n t i a t e s  a s  th e  male a r c h e s -  
p o r i a  i n  a l l  th e  f o u r  c o rn e r s  o f  th e  a n t h e r .  There a re  t h r e e  
l a y e r s  o f  c e l l s  between th e  e p id e rm is  and th e  sporogenous t i s ­
s u e .  The hypodermal l a y e r  o f  th e  a n t h e r  d i f f e r e n t i a t e s  a s  th e  
endo thec ium  w ith  f i b r i l l a r  t h i c k e n i n g s ;  t h e  middle l a y e r  i s  seen  
a s  a narrow  s t r i p  o f  c e l l s ;  th e  tapetum  i s  g l a n d u la r  i n  n a tu r e  
and c o n s i s t s  o f  b i n u c l e a t e  c e l l s .  One 3 - n u c l e a te  t a p e t a l  c e l l  
h a s  been  obse rv ed  i n  U. a r c u a t a . The tape tum  d e g e n e ra te s  e a r ­
l i e r  th a n  t h e  middle l a y e r .  The sporogenous c e l l s  a r e  a r r a n g e d  
i n  a s i n g l e  l a y e r .  The micro spore  m other c e l l s  in  U. s t e l l a r i s  
v a r .  i n f l e x a  develop  a t h i c k  m uc ilag in o u s  w a l l  b e f o r e  m e io t ic  
d i v i s i o n s  b e g i n .  However, no such w a l l  deve lops  i n  th e  m icros ­
p o re  mother c e l l s  of U. a r c u a t a . U. u l i g i n o s a  and U. s t r i a t u l a . 
The d i v i s i o n  o f  a l l  th e  m icrospore  mother c e l l s  o f  an a n t h e r  
may no t  be s im u l ta n e o u s  i n  U. s t e l l a r i s  v a r .  i n f l e x a , U. u l i g i ­
n o sa  and U. s t r i a t u l a . I n  U. u l i g i n o s a , m icrospore  m other c e l l s ,  
micro spore t e t r a d  and young m ic ro sp o re s  may be p re s e n t  i n  th e  
same p o l l e n  chamber o f  an a n t h e r .  C y to k in e s i s  t a k e s  p la c e  by 
fu r ro w in g  i n  U. s t e l l a r i s  v a r .  i n f l e x a . The m icrospore  t e t r a d s  
a r e  u s u a l l y  t e t r a h e d r a l .  I s o b i l a t e r a l  and rhom boidal t e t r a d s  
may o c c u r  i n  U. s t e l l a r i s  v a r .  i n f l e x a ; i s o b i l a t e r a l  t e t r a d s  
o c c u r  in  U. u l i g i n o  sa .a lso .  T e t r a d  w ith  d ec u ssa te  a rrangem en t  
a re  found  i n  U. s t r i a t u l a .
The p o l l e n  g r a in  i n  U. s t e l l a r i s  v a r .  i n f l e x a  i s  b ro a d  
a t  th e  e q u a to r  and t a p e r s  to w ard s  the  p o l e s .  I t  i s  18 to  21 
c o l p a t e . The ex ine  i s  t h i c k .  Thei-e a re  l o n g i t u d i n a l  s t r i p e s  
w hich ru n  from po le  to  p o le ,  th e s e  a re  a l t e r n a t e d  by narrow
8f u r r o w s  • T he  s t r i p e  s  a r e  t h i c h  an d  b r o a d  a t  t i ;e  e q u a t o r  which, 
a t t e n u a t e  a..-d ueco i.e  t h i n n e r  t o w a r d s  t h e  p o l e s .  I n  U. a r c u a t a , 
. .—Lj.r-,inosa anc.  ^* en_ _ia^uj_a» u.'.o ^ c u _ g POj.lexi g.i.ain i s  a l —
r:.ost s p h e r i c a l -  - h e  e x i n e  i s  s n o o t h .  The p o l l e n  g r a i n s  a r e  
4 -  o r  5 - p o r a t e  i n  U. a r c u a t a , 4 - 7 0 r a t e  i n  U. u l i g r . n o s a  and  y~ 
go r a t e  i n  U. s i  r i a s u l a . T h e re  a r e  s e v e r a l  s m a l l  v a c u o l e s  i n  
t  _o cy to p la sm , o f  t h e  u n i n u c i e a  ;e jo l i e n  g r a i n  i n  U . s t e l l a r i s  
v a r .  i n f l e x a . I n  U. a r c u a t a  a n d  U. u l i g i n o s a  t h e r e  i s  one 
l a r g e  v a c u o l e  i n  t h e  u n i n u c l e a t e  p o l l a n  g r a i n ,  w h i l e  i n  U. 
u l a  i t  i s  t h e  l a r g e s t , 0 c c u p y in g  a b o u t  3 / 4  vo lum e  o f
th e  p o l l e n  g r a i n .  G ra d u a l ly  th e  v a c u o le s  d im in is h  i n  s i z e  and 
th e  s t a r c h  g r a i n s  b e g in  t o  a  . 'pear, '-.he p o l le n  g r a i n s  become 
f i l l e d  w i th  s t a r c h  g r a in s  b e f o r e  th e  d i v i s i o n  o f  the  g e n e r a t iv e  
n u c le u s  s e t s  in»L . a r c u a t a  i t  p e c u l i a r  i n  t h i s  r e s p e c t ,  i n  
which hie s t a r c h  g r a in s  a  ppoar on ly  a f t e r  th e  d i v i s i o n  o f  th e  
g e n e r a t iv e  n u c l e u s .  £>01. e t i i  a s  th e  s t a r c h  g r a i n s  i n  th e  p o l l e n  
g r a i n  i n  U. s t e l l a r i s  v a r .  i n f l e x a may be v e ry  l a r g e  i n  s i z e .
At th e  s le d d in g  s tag e  th e  p o l l e n  g r a i n s  a re  5 - c e l l e d .  P o l l e n  
g r a i n s  map germ ina te  in  s i t u i n  a l l  t h e  s p e c ie s  d e s c r ib e d  h e re ,  
h  g ia n t  p o l l e n  g r a i n , p a r t  i t  ione d by a t h i n  w a l l  i n to
ij Vi O C£j_L-L y - ic lL . O 0 l l  O O L O  X II U • S  £ Q -L J . cl x* 2. S  V  &Z* • X - l±  J-hQCci » u 8 , C H
c e l l  has  two prominent n u c l e i .  Tito t y p e s  o f  compound p o l l e n  g r ­
a i n s  have been  o b se rv e d .  I n  th e  f i r s t  t y p e , th e  p o l l e n  g r a i n s  
p o s s e s s  two gam etophytes  a t  v a r i o u s  s t a g e s  o f  developm ent. T h i s  
h a s  b een  found i n  L_. s t e l l a r i s  v a r .  i n f l e x a , U. a r c u a t a  and U. 
u l i g i n o s a • boi,etii ..es th e  two g an e to p i iy te s  : .ay be p a r t i t i o n e d
9by a complete o r incom ple te  w a i l  in  U. a r c u a t a . The second  
ty p e  o f  compound p o l l e n  g r a i n s  which o c c u rs  i n  U. a r c u a t a  alone^ 
a p p e a r  to  be m icrospore  t e t r a d s  which have deve loped  a common 
e x i n e .  7 - n u c l e a t e  p o l l e n  g r a in  may o c c u r  in  U. u l i g i n o s a . 
Polysperm y has  been  o b se rv ed  i n  U. a r c u a t a  a lo n e .
"T>
The p o l le n  g r a i n s  a r e  d i t e c t l y  d e p o s i te d  upon o r  b e t ­
ween th e  p a p i l l a e  o f  t h e  a n t e r i o r  s t i g m a t i c  lo b e  in  U. s t e l -  
l a r i s  v a r .  i n f l e x a , w h ile  i n  U. a r c u a t a  and U. u l i g i n o s a  the  
p o l l e n  g r a i n s  a re  u s u a l ly  seen  e n ta n g le d  i n  t h e  s t i g m a t i c  
s e c r e t i o n  which accu m u la te s  round th e  s t igm a o f  th e s e  s p e c i e s .
In  U. a r c u a t a s t i g m a t i c  s e c r e t i o n  may ta k e  p la c e  from th e  g la n ­
d u l a r  ep id e rm a l  c e l l s  o f  the p o s t e r i o r  s t i g m a t i c  lobe  a l s o  and 
sometimes a pol3.en g r a in  may be seen  a d h e r in g  to  i t .  U. s t r i ­
a t u l a  h a s  c le is to g a m o u s  f l o w e r s ,  th e  p o l le n  g r a i n s  ge rm ina te  
i n  s i t u  a s  a r u l e  and th e  p o l le n  tu b e s  r e a c h  th e  s t i g m a t i c  lobe  
d i r e c t l y .  I n  most o f  the  s p e c ie s  d e s c r ib e d  h e r e ,  th e  p o l l e n  
tu b e s  e n t e r  th e  t i s s u e  o f  th e  s t y l e  and e n te r#  the s t y l a r  ca­
n a l  a t  d i f f e r e n t  l e v e l s .  I n  U. s t r i a t u l a  a l l  t h e  p o l l e n  tu b es  
e n t e r  th e  s t y l a r  c a n a l  d i r e c t l y .  The c e l l s  su r ro u n d in g  th e  
s t y l a r  c a n a l  in  t h i s  s p e c ie s  se rv e  as  the co n d u c t in g  t i s s u e  
f o r  th e  p o l l e n  t u b e s .  The c o n ic a l  apex of the  p l a c e n ta  p ro ­
j e c t s  i n to  t h e  s t y l a r  c a n a l  and fu n .c t io n s  a s  a r e c e p t i v e  organ 
f o r  th e  p o l l e n  t u b e s .  The p o l l e n  tu b e  ap p ro ach es  the  embryo 
sa c  th ro u g h  th e  p assag e  between the  p l a c e n t a  and th e  in te g u m e n t ,  
where i t  e n c o u n te r  th e  naked embryo s a c .  U s u a l ly ,  the  p o l l e n  
tu b e  does no t e n t e r  th e  sac  a t  i t s  f i r s t  p o in t  o f  c o n t a c t ,
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i n s t e a d  i t  moves tow ards  th e  s id e  o f  f u n i c l e  where the egg ap ­
p a r a t u s  i s  s i t u a t e d  and e n t e r s  t h e  sac i n  th e  v i c i n i t y  o f  t h e  
s y n e r g id s .  T h is  h o ld s  good f o r  U. s t e l i a r i s  v a r .  i n f l e x a , U. 
a r c u a t a  and U. u l i f r i n o s a .  O c c a s io n a l ly ,  i n  U. s t e l i a r i s  v a r .  
i n f l e x a , t h e  p o l l e n  tube  may e n t e r  th e  sac  a t  i t s  f i r s t  p o in t  
o f  c o n t a c t .  I n  U. s t r i a t u l a  a s  the  egg a p p a ra tu s  i s  s i t u a t e d  
a t  th e  su r fa c e  o f  the p l a c e n t a ,  the p o l l e n  tube  does n o t  r e a c h  
th e  f u n i c u l a r  s id e  o f  the  embryo s a c .  The s y n e rg id s  may o r  may 
n o t  be d e s t ro y e d  a t  t h e  t i n e  o f  th e  e n t r y  of the  p o l le n  tu b e  
i n t o  th e  s a c .  Sometimes b o th  th e  s y n e r g id s  i n  U. s t e l i a r i s  
v a r .  i n f l e x a  may p e r s i s t  t i l l  l a t e  p o s t - f e r t i l i z a t i o n  s t a g e s .  
i n  a r c u a t a , U. u l i g i n o s a  and U. s t r i a t u l a ,  one o r  b o th  th e  
s y n e r g id s  may be d e s t ro y e d  a t  the  time o f  e n t r y  o f  th e  p o l l e n  
tube  i n to  th e  s a c .  The rem ains  o f  the p o l l e n  tube i n  th e  f e r ­
t i l i z e d  embryo sacs  a re  v e ry  co n sp icu o u s .  They a re  s t a i n e d  
b r i g h t  r e d  w ith  s a f r a n i n .  Double f e r t i l i z a t i o n  has  been  ob­
se rv e d  in  U. s t e l i a r i s  v a r .  i n f l e x a , U. u l i g i n o s a  and U. s t r i a ­
t u l a . I n  U. s t e l i a r i s  v a r .  i n f l e x a , t h e  two p o l a r s  and the  s e c ­
ond sperm fu s e  s im u l ta n e o u s ly ,  w hile  i n  U. u l i g i n o  s a  t h e  sperm 
f u s e s  w i th  th e  secondary  n u c le u s .  I n  TJ. s t r i a t u l a . u s u a l l y  th e  
f u s i o n  t a k e s  p la c e  between th e  sperm and secondary  n u c l e u s ,  
b u t  som etim es,  the two p o l a r s  and the sperm n u c le u s  may fu se  
s i m u l t a n e o u s ly .
The endosperm i s  c e l l u l a r .  I t s  development u s u a l ly  con­
fo rm s to  th e  S c u t e l l a r i a  ty p e .  The f i r s t  d i v i s i o n  i s  t r a n s v e r s e  
which d iv id e s  the  embryo sac i n t o  th e  m ic ro p y la r  and the c h a l a z a l  
cham bers. The d i v i s i o n  in  b o t h  p r im ary  chamber i s  v e r t i c a l ,  b u t
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t h e  w a l l s  do no t  e x te n d  up to the  e x t r e m i t i e s  o f  the  s a c .  I n
U. s t r i a t u l a  th e  w a ll  i n  t h e  c h a l a z a l  chamber i s  com ple te .  I n
th e  n ex t  s t a g e ,  the  d i v i s i o n  i n  each  chamber i s  t r a n s v e r s e ,
p roducing  f o u r  t i e r s  o f  two c e l l s  each . The uppermost t i e r  o f
two in c o m p le te ly  s e p a r a te d  c e l l s  d i f f e r e n t i a t e s  a s  the  m ic ro -
p y l a r  h a u s to r iu m ,  the  middle two t i e r s  o f  f o u r  c e l l s  give r i s e
to  th e  endosperm p ro p e r  and lo w es t  t i e r  g iv e s  r i s e  t o  a  2 -n u c -
l e a t e  c h a l a z a l  h a u s to r iu m .  A t y p i c a l  c h a l a z a l  h au s to r iu m  i s
n o t  p r e s e n t  i n  U. s t r i a t u l a .  The body of th e  endosperm i n  TJ.
s t e l i a r i s  v a r .  i n f l e x a i s  s t r a i g h t .  I n  U. a r c u a t a , U. u l i g i -
i t  i s
nos  a i t  i s  G- o r  U -shaped w hile  i n  U. s t r i a t u l a /  U-shaped w ith  
d iv e r g in g  arras.
The m ic ro p y la r  h a u s to r iu m  may p o s s e s s  a c c e s s o ry  h a u s t o -  
r i a l  c e l l s  b e lo n g in g  to th e  endosperm p ro p e r .  O c c a s io n a l ly ,  
th e  w a l l  o f  some o f  t h e s e  c e l l s  may b re a k  down and t h e i r  c o n t e n t s  
merge i n t o  t h e  h a u s to r iu m  i n  U. s t e l i a r i s  v a r .  i n f l e x a .  The 
m ic ro p y la r  h au s to r iu m  i n  a l l  th e  s p e c ie s  d e s c r ib e d  in  t h i s  pa­
p e r  i s  v e ry  a g g r e s s i v e .  I n  U. s t e l i a r i s  v a r .  i n f l e x a , c o n te n t s  
o f  the  d i s o r g a n i s e d  p l a c e n t a l  c e l l s  become i n c o r p o r a t e d  in to  
the  h a u s to r iu m  and the  n u c l e i  o f  th e  p l a c e n t a l  c e l l s  a re  c l e a r l y  
seen  i n  th e  c tyop lasm  o f  th e  h a u s to r iu m .  However, i n  U. a rc u ­
a t a , U. u l i g i n o s a  and U. s t r i a t u l a , no p l a c e n t a l  n u c l e i  a re  seen  
i n  th e  cy top lasm  of th e  h a u s to r iu m .  Only i n  U. s t e l i a r i s  v a r .  
i n f l e x a  the  o ld  m ic ro p y la r  h a u s to r iu m  becomes m u l t in u c le a te  , a  
number o f  n u c l e i  o f d i f f e r e n t  fo rm s and s i z e s  may be p re s e n t  in  
th e  same h a u s to r iu m .  I n  U. s t e l i a r i s  v a r .  i n f l e x a , sometimes 
the  two d a u g h te r  c e l l s  of th e  p r im ary  m ic ro p y la r  chamber may
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d i r e c t l y  deve lop  i n t o  th e  m ic ro P y la r  h a u s to r iu m .  The c h a l a z a l  
h a u s to r iu m  i s  much more a g g re s s iv e  i n  U. s t e l l a r i s  v a r .  i n f l e x a  
t h a n  i n  U. a r c u a t a  and U. u l i g i n o s a . I n  the f i r s t  named spe­
c i e s ,  o c c a s i o n a l l y  the apex  o f  h au s to r iu m  i s  d i r e c t e d  tow ards  
th e  f u n i c l e  and o c c a s io n a l ly  the c h a l a z a l  h a u s to r iu m  h a s  been  
seen  to  t r a v e r s e  a c o n s id e ra b le  d i s t a n c e  to w ard s  th e  base  o f  
t h e  f u n i c l e  and i n  one case b o th  the  n u c l e i  o f  th e  h a u s to r iu m  wer< 
dividing*. Sometimes th e  c h a l a z a l  h au s to r iu m  may be 1 - n u c l e a t e .  
The two b a s a l  c e l l s  o f  th e  endosperm in  U. s t r i a t u l a  a r e  e lo n ­
g a t e d ,  c o n ta in  dense cy top lasm  and deep ly  s t a i n i n g  n u c l e i .  They 
might be p o t e n t i a l l y  h a u s t o r i a l  i n  n a tu re  and concerned i n  th e  
co n d u c t io n  o f  food  s u b s ta n c e s ,  b u t  cause no v i s i b l e  damage to  
t h e  c h a l a z a l  n u t r i t i v e  t i s s u e .
D e v ia t io n s  from  th e  u s u a l  sequence o f  c e l l  d i v i s i o n s  i n  
t h e  development o f  the  endosperm have been  o b se rv ed .  In  U. s t e l ­
l a r i s  v a r .  i n f l e x a . a t  th e  4 - c e l l e d  s ta g e  o f  the  endosperm, th e  
c e l l s  may have T-shaped o r  l i n e a r  a rran g em en t ,  showing t h a t  th e  
second d i v i s i o n  i n  the  endosperm may be t r a n s v e r s e  i n  th e  p r im a ry  
c h a l a z a l  chamber on ly  o r  i n  b o th  th e  chambers. When a l l  th e  e a r ­
l y  d i v i s i o n s  i n  th e  development o f  endosperm a re  t r a n s v e r s e ,  the  
f o u r  a p i c a l  endosperm c e l l s  may a c q u i re  h a u s t o r i a l  c h a r a c t e r i s ­
t i c s ,  while c h a l a z a l  h au s to r iu m  i s  not fo rm ed. A ten d en cy  to ­
wards the  r e d u c t io n  i n  th e  number o f  c e l l  d i v i s i o n s  i n  the  p r i ­
mary c h a l a z a l  chamber i s  d i s c e r n i b l e  in  U. s t r i a t u l a »
The f i r s t  s i  on o f  development o f  th e  zygote  i s  th e  ap­
p ea ran ce  o f  a p ro tu b e ra n c e  a t  i t s  a p i c a l  end whichbends a t  an/I
an g le  o f  90° o r  sc and grows down between th e  c e l l s  o f  the
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endosperm ore p e r ,  assum ing  a long' t u b u l a r  fori., w i th  b u lb o u s  
upox. In  u . s b r i a t u l a  t i e  zygote  does no t  have t o  bend in  o r ­
d e r  t  j  e n t e r  th e  c e l l u l a r  e ados pen .. ,  and t h e r e f o r e ,  does not 
s. ow t , ,e  i n i t i a l  c u rv a tu re  o f  t h e  z y g o t ic  t u b e . 'Hie zygote  
n u c l e u s  m ig r a t e s  t o  t . ie  apex of  t i e  z y g o t ic  tu b e  where i t  d i ­
v i d e s ,  c o n se q u e n t ly  t h e  development o f  t h e  er.bryc ta3:es p lace  
be tw een  th e  c e l l s  o f  th e  endosperm p ro p e r .
U s u a l ly  t i e  d i v i s i o n  i n  zygote  b e g in s  a f t e r  th e  endos­
perm h a s  r e a c l e d  th e  C - c e l l e d  s t a g e , b u t  L oue ti i .es  th e  zygote  
r ay n o t  shovr any s ig n  o f  development even when th e  endosperm 
h a s  reach ed  4 5 - c e l l e d  s t a g e . Pie fo rm a t io n  o f  th e  z y g o t ic  tu b e  
does no t  taa.e place i n  t h o s e  c a s e s  w...ere a l l  t h e  d i v i s i o n s  i n  
th e  develop; e n t  o f  th e  endosperm a re  t r a n s v e r s e .  The pro embryo­
n i c  t e t r a d  i n  b .  s t e l i a r i s  v a r . i n f l e x a  i s  u s u a l l y  l i n e a r ,  con- 
.. i s t i n g  o f  th e  c e l l s ,  1 ,  1 ’ , m and c i  which a r e  d e r iv e d  by t r a n s ­
v e r s e  d i v i s i o n s  o f  t h e  ce.-.ls, ca and c b . The c e l l s ,  1 and 1 '  , 
undergo  v e r t i c a l  d i v i s i o n s  t o  g ive  r i s e  to  t h e  q u ad ran t  s t a g e . 
w g ivo ilcc-1 d i v i  &ioiic* c.l 30 w c cu r  i n  th e  c e l l ,  m. The d a u g h te r  c e l l s  
o f  c i  produce th e  4 -  to  S - c e l l e d  u n i s e r i a t e  s u s p e n s e r .  I t  ap­
p e a rs  t h a t  th e  e bryogeny c o - i fo r : s  t o  th e  ^henoppdiad  t y p e .
~o. e t i . e s  th e  suspe  a o r  r..ay be 1 -  c e l l e d  due to  f a i l u r e  o f  c e l l  
d i v i s i o n s  i n  c i . A not. .or ty p e  o f  e rb ry o  dev e lo p m en t , which i s  
n o t  j f  x r  e c u e n t  o c c u r r e n c e ,  i s  t h a t  i n  w hich  th e  c e l l ,  
cb , d i v i d e  s t r a n s v e r s e l y  and ca i n  th e  v e r t i c a l  p lane  
and  t h e  pro embryonic t e t r a d  i s  T -s  A XCv ^ d . I n  t h e s e  p r o e ib iy o n ic  
te trad . . ,  t h e  c e l l , m, d i v id e s  v e r t i c a l l y ,  r u r t h e r  d i v i s i o n s  i n
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th e  proembryo become i r r e g u l a r .  The shape of proenibryonic  t e t ­
r a d  and the  v e r t i c a l  d i v i s i o n  o f  m, su g g e s t  t h a t  i n  t h i s  s p e c i e s  
th e  embryogeny may sometimes deivjate tow ards  the  Onagrad t y p e .
0 c c a s i o n a l l y , t h e  w a l l  s e p a r a t i n g  ca and c b , however, i s  o b l iq u e  
o r  even v e r t i c a l .  The c e l l ,  c a ,  i s  cu t  o f f  i n  the  l a t e r a l  p o s i ­
t i o n .  A f t e r  th e  d i v i s i o n s  i n  the  c e l l s ,  ca  and _cb, th e  proem- 
b ry o n ic  t e t r a d  has i t s  c e l l s  so d isp o se d  as  to  ap p e a r  i s o b i l a -  
£ r a l ,  b u t  the  proembryo e s s e n t i a l l y  b e lo n g s  to  the  Onagrad t y p e .  
T h is  a b n o rm a l i ty  h a s  been observed  i n  U. a r c u a t a , U. u l i g i n o s a  
and U. s t r i a t u l a  a l s o .
The pro embryonic t e t r a d  in  U. a r c u a t a  i s  T -sh ap ed .  The 
a p i c a l  c e l l ,  c a ,  d i v id e s  v e r t i c a l l y  and th e  b a s a l  c e l l  t r a n s ­
v e r s e l y .  The two ju x ta p o se d  c e l l s ,  d iv id e  t r a n s v e r s e  and 
the  q u ad ran t  i s  d i s p o s e d  i n  two t i e r s  o f  two c e l l s  e ach .  The 
c e l l s  o f  th e  quadran t  d iv id e  v e r t i c a l l y  to  produce the  o c t a n t  
s t a g e .  The d i v i s i o n s  in  m a re  i r r e g u l a r .  P ro b ab ly  t h e  embryo­
geny conforms to  C a ta lp a  v a r i a t i o n  o f  Onagrad t y p e .  O ccas io n ­
a l l y ,  t h i s  ty p e  o f  embryogeny may o ccu r  i n  U. u l i g i n o  sa a l s o .  
Som etim es, th e  w all  s e p a r a t i n g  c i  and m i s  s i t u a t e d  i n  such a 
way t h a t  i t s  one end i s  a t t a c h e d  to  th e  w a l l  o f  th e  b a s a l  c e l l  
and i t s  o t h e r  end to th e  o r i g i n a l  n a i l  which p a r t i t i o n e d  ca  and 
c b . The proem bryonic  t e t r a d ,  t h e r e f o r e ,  cannot be d e s c r ib e d  
by u s u a l  te rm ino logy  a l th o u g h  e s s e n t i a l l y  i t  b e lo n g s  to  th e  
Onagrad t y p e .  A s i m i l a r  ty p e  o f  embryo development may take  
p la c e  i n  U. u l i g i n o s a  a l s o  .
I n  U. u l i g i n o s a  and U. s t r i a t u l a  the embryo development 
a p p e a rs  to  conform to th e  C a p s e l la  v a r i a t i o n  Onagrad ty p e .  The
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proenibryonic t e t r a d  i s  T -sh ap ed .  The c e l l s  of th e  q u a d ra n t  
a r e  d is p o s e d  i n  one t i e r  and o f  o c t a n t  i n  two t i e r s  o f  f o u r  
c e l l s  each .  I n  U. u l i g i n o s a ,  m d i v id e s  v e r t i c a l l y  and c i  t r a n s ­
v e r s e l y .  .Sometimes th e  c e l l ,  m, may be o u t  o f f  i n  the l a t e r ­
a l  p o s i t i o n .  O c c a s io n a l ly  th e  c e l l ,  n ,  a l s o ,  i s  cu t o f f  i n  a  
l a t e r a l  p o s i t i o n .  E p ip h y s i s  i n i t i a l s  a re  n o t  d i f f e r e n t i a t e d .
The young embryo i n  U. s t e l l a r i s  v a r .  i n f l e x a  i s  c lu b -  
shaped .  L a t e r ,  i t  becomes a lm ost  s p h e r i c a l ,  th e n  bun-shaped  
and u l t i m a t e l y  d i s c - s h a p e d .  The young embryo i s  p e a r - sh a p e d  
i n  1_. a r c u a t a  and U. u l i g i n o s a  and re  t o r t - s h a p e d  in  U. s t r i a ­
t u l a  . l a t e r ,  i t  becomes ob long  a s  i t  grows a lo n g  i t s  a x i s .
The mature embryo rounds o f f  a t  b o th  en d s .  Major p o r t i o n  of 
th e  mature embryo i s  composed o f  l a r g e  p o ly g o n a l  c e l l s  which 
a r e  s t u f f e d  w i th  food  m a t e r i a l s .  The c e n t r a l  r e g io n  o f  th e  
a p i c a l  end c o n s i s t s  o f  s m a l l e r  c e l l s .  The a p i c a l  growing r e ­
g ion  i n  U. s t e l l a r i s  v a r .  i n f l e x a  and U. u l i g i n o  sa i s  n o t  so 
w e l l  d e f in e d  and c o n s o l id a t e d  a s  in  U. a r c u a t a , w hile  in  U. 
s t r i a t u l a  i t  i s  a l t o g e t h e r  a b s e n t .  The embryonal p a r t s  a re  
n o t  d i f f e r e n t i a t e d  i n  th e  mature embryo. I n  U. s t e l l a r i s  v a r .
i n f l e x a  and U. a r c u a t a , sometimes th e  a p i c a l  p a r t  o f  th e  em-
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b iy o  i s  so po in ty  a s  to  resem ble  the  su s p e n so r .  In  U. s t e l l a r i s  
v a r .  i n f l e x a  th e  p o in te d  a p i c a l  p a r t  may p o s s e s s  l e a f  p r im o r d ia .  
I n  t h e  embryo of t h i s  s p e c i e s ,  sometimes the  p r im o r d ia  o f  th e  
two c o ty le d o n s  and p lum ula r  primordium may be d i f f e r e n t i a t e d .  
Polyembryon^y h as  been obse rved  in  U. a r c u a t a  and U. u l i g i n o s a .
The endosperm unde rgoes  g ra d u a l  changes d u r in g  th e  deve­
lopment o f  th e  s e e d .  The c h a l a z a l  h a u s to r iu m  d i s o r g a n i s e s  and
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d i s a p p e a r s .  Only one l a y e r  o f  the  c e l l u l a r  endosperm p e r s i s t s  
i n  U. s t e l l a r i s  v a r .  i n f l e x a  and U. u l i g i n o s a , w h ile  i n  U. a r ­
c u a t a  and U. s t r i a t u l a  th e  endosperm d i s o r g a n i s e s  i n  th e  seed .  
At th e  m ic ro p y la r  end ,  the  c e l l s  o f  th e  endosperm form a p lu g  
which c u t s  o f f  the  coinirunication w ith  th e  m ic ro p y la r  h a u s t o r ­
ium. E xcep t f o r  t h e  e p id e rm is  which form s th e  seed  c o a t ,  t h e  
c e l l s  o f  th e  in tegum ent d e g e n e ra te  and d i s a p p e a r .
D i f f e r e n t  a s p e c t s  o f  t h e  em b ry o lo g ic a l  f e a t u r e s  o f  th e  
s p e c i e s  o f U t r i c u l a r i a  d e s c r ib e d  i n  t h i s  p ap e r  have been  d i s ­
cussed  i n  the l i g h t  o f  a v a i l a b l e  in fo rm a t io n  i n  t h e  supposed ly  
a l l i e d  f a m i l i e s  o f  th e  l e n t i b u l a r i a c e a e * The r e l a t i v e  p o s i t i o n  
o f  th e  genus and the  fam ily  L e n t i b u l a r i a c e a e  h a s  a l s o  been  d i s ­
c u s s e d .  An a t te m p t  has  been made to  show t h a t  on th e  b a s i s  o f  
e m b ry o lo g ic a l  d e t a i l s ,  i t  a p p ea rs  p o s s ib l e  to  group th e  in v e s ­
t i g a t e d  s p e c i e s  o f  U t r i c u l a r i a . T h is  may be s i g n i f i c a n t  from  
taxonom ic  p o in t  o f  v iew .
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PIATB I
F i g s .  1 -1 1 .  U. s t e l i a r i s  v a r .  i n f l e x a . P i g .  1. Young bud, 
sub tended  by b r a c t .  P i g .  2. L .S .  o f  bud showing 
c a ly x  p r i rn o rd ia .  P i g .  3. L .S .  o f bud showing 
i n i t i a t i o n  o f  c o r o l l a  p r i rn o rd ia .  P i g .  4 .  L .S .  o f  
bud in  which p i i ro r d iu ra  o f  stamen i s  seen  on the  
a n t e r i o r  s id e  o f  th e  f l o r a l  apex. P i g s .  5 -7 .  L .S .  
o f  buds showing t h e  i n i t i a t i o n  o f  ovary  w a l l  and 
th e  p l a c e n t a .  P i g .  8 .  L .S .  o f  bud in  which th e  
p l a c e n ta  i s  covered  by th e  ovary w a ll  and s t y l e  
i s  b e in g  formed. P i g .  9* L .S .  o f  bud b e f o r e  open­
in g  o f  t h e  f lo w e r .  The a n t e r i o r  s t i g m a t i c  lobe  
i s  r e f l e x e d  and a rc h e s  o v e r  the  a n t h e r ,  w h ile  the 
p o s t e r i o r  lo b e  i s  i n s i g n i f i c a n t .  P i g .  10. T .S .  
o f  bud a t  th e  l e v e l  o f t h e  a n th e r  and s t y l e .  The 
s t y l a r  c a n a l  a p p e a rs  to  be c lo s e d .  P i g .  11. T .S .  
o f  bud a t  th e  l e v e l  o f  th e  p l a c e n ta .
(R e c o n s t ru c te d  f i g u r e s  4 - 6 ,  8 & 9)
P i g s .  1 -7 ”. x 128. P i g .  8: x 64. P i g s .  9-11: x 41 .

PLATE I I
P i g s .  12-22. U. a r c u a t a . P i g .  12. L .S .  o f  i n f lo r e s c e n c e  
apex showing young bud and the  b r a c t .  P i g .  13. 
L .S .  o f  bud showing i n i t i a t i o n  o f  c a ly x  p r i -  
rcordia . P ig* 14. L .S .  o f  bud .  The p r im or­
d ia  o f  c a ly x  and c o r o l l a  a re  seen .  P i g .  15*
L .S .  o f  bud showing the primordiurn of s tam en. 
P i g s .  16 & 17. L .S .  o f  bud showing th e  forma­
t i o n  o f  ovary w a l l  and th e  p l a c e n ta .  P i g .  18. 
L .S .  o f  bud. Note t h a t  th e  two s t i g m a t i c  l o ­
b e s  a re  e q u a l ly  developed  and ben t  tow ards  th e  
s t y l a r  c a n a l .  P ig .  19* L .S .  o f  an open f lo w e r .  
The sp u r  i s  v e ry  co n sp icu o u s .  The f i la m e n t  
i s  s t r o n g l y  cu rved ,  p l a c e n ta  i s  lo n g  and i t s  
a p i c a l  p a r t  i s  s t e r i l e .  The s t a l k  o f  th e  p la ­
c e n ta  i s  lo n g  and curved . P i g .  20* T .S . o f  bud 
showing t h a t  th e  mouth o f  th e  s t y l a r  c a n a l  i s  
ve ry  w ide .  P i g .  21. T .S .  o f  bud. The s t y l a r  
cana l  may ap p e a r  c lo se d  n e a r  i t s  b a s e .  P i g .  22. 
T .S. o f  bu d .  The p l a c e n ta  i s  compressed.
(R e c o n s t ru c te d  f i g u r e s  14, 18 & 19)
P i g s .  12-17: x 558. P ig .  18: x 33. P i g s .  19-22: x 26.

PLATE I I I
P i g s .  23 -34 .  U. u l i g i n o s a . P i g .  23. L .S .  o f  t h e  young 
bud su b tended  by b r a c t .  P i g .  24. L.S. of bud 
showing i n i t i a t i o n  o f  c a ly x  p r i rn o rd ia .  P i g .
25. L .S .  o f bud. I n i t i a t i o n  o f  c o r o l l a  p r i -  
m o rd ia .  P i g s .  26 & 27. L .S .  o f  bud .  I n i t i ­
a t i o n  o f  stamen prir. ordiurn. Pig* 28. L .S .  o f  
bud . I n i t i a t i o n  o f  th e  ovary w a l l  and the 
p l a c e n t a .  P i g .  29. L .S .  o f  bud . The stamen 
i s  d i f f e r e n t i a t e d  i n t o  a n t h e r  and f i l a m e n t ;  
t h e  ovary w a l l  covers  the  p l a c e n ta  and a s h o r t  
s t y l a r  c a n a l  has  been form ed. P i g .  30. L .S . 
o f  bud . The sp u r  i s  q u i te  c o n sp icu o u s .  The 
a n t e r i o r  s t i g m a t i c  lo b e  i s  p a p i l l a t e  and r e ­
f l e x e d ,  w h ile  the  p o s t e r i o r  lo b e  i s  ben t  t o ­
wards the s t y l a r  c a n a l .  The s t a l k  o f  th e  p l a ­
c e n ta  i s  o f s i g n i f i c a n t  s i z e .  The apex of the  
p l a c e n ta  i s  s t e r i l e .  P i g .  31. L .S .  o f  open 
f lo w e r .  The a n t e r i o r  s t i g m a t i c  lo b e  i s  r e c u r ­
v e d .  P i g .  32. L .S .  o f  th e  s t ig m a .  B o th  th e  
s t i g m a t i c  lo b e s  a re  e q u a l ly  deve loped  and pa­
p i l l a t e .  P i g s .  33 & 34. L.S. of t h e  same o v a ry .  
Two o u tg ro w th s  have deve loped  from th e  base  o f  
th e  s t e r i l e  apex of th e  p l a c e n t a ,  which have 
p e n e t r a t e d  i n to  th e  s t y l a r  c an a l  and one o f  
them h a s  p a p i l l a e  n e a r  i t s  apex.

PLATE IV
P i g s .  35-42 . U. s t r i a t u l a ♦ P i g .  35* P l o r a l  primordium 
sub Tended by the  b r a c t .  P i g s .  36 & 37* L .S .  
o f  bud showing i n i t i a t i o n  o f  ca lyx  and c o r o l ­
l a  p r i rn o rd ia .  A downward pro e c t io n  has  s t a r ­
t e d  to  grow from th e  base  o f  th e  b r a c t .  P i g .  
38. L .S .  o f  bud. The i n i t i a t i o n  o f  stamen 
primordium . The bud a t  t h i s  s ta g e  i s  c o n i c a l .  
P ig .  39* L .S .  o f  bud. The downward p r o j e c t i o n  
o f  th e  b r a c t  has  a t t a i n e d  s i g n i f i c a n t  s i z e .
The i n i t i a t i o n  o f  gynaeceun h as  taken  p la c e .
The bud h as  become a lm ost  f l a t  a t  a p i c a l  p a r t  
and i t s  p o s t e r i o r  p a r t  i s  seen to  have grown 
i n  the h o r i z o n t a l  p i a n o .  P i g .  40. L .S .  o f  bud. 
The ovary w a l l  i s  seen  e n c lo s in g  th e  convex 
primordium o f  th e  p l a c e n t a .  P i g .  41. L .S .  o f 
bud . The b r a c t  has  become p e l t a t e .  The r e c e p -  
t i c l e ,  which b e a r s  th e  p o s t e r i o r  lo b e s  o f  th e  
ca ly x ,  c o r o l l a  and gynaeceum i s  seen ,  p r o j e c ­
t i n g  ou t  on the  p o s t e r i o r  s i d e .  The p o s t e r i o r  
s t i g m a t i c  lo b e  i s  a b s e n t .  The p l a c e n ta  h as  a 
s h o r t  s t a l k  and an acum ina ted  s t e r i l e  apex .
P i g .  42 ♦ L . S . o f  a f lo w e r .  The p lank  o f  r e c e p -  
t i c l e  b e a r i n g  th e  gynaeceum, p o s t e r i o r  ca lyx  
and c o r o l l a  l o b e s  has s t i g h t e n e d  . The p e d i ­
c e l  and the t h a i l a r u s  a re  seen  i n  the  same v e r ­
t i c a l  p l a n e .  P o l l i n a t i o n  has  taken  p lace  b u t  
the c o r o l l a  lo b e s  have _ot u n f o l c e d .
(R e c o n s t ru c te d  f i g u r e s  41 & 42)
P i g s .  35-40: x 193. P i g .  41 :x61 . P i g .  42: x 56.
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? i g .  43 .  U. a r c u a t a; P i g s .  4 4 ,  46 -48 ,  69 & 70. U. u l i -
'jinofca; P i g s . 45 ,  52-68 . U. s t  e l  I  ax* i s  v a r .  i n f l 'e x a ;
" i g s .  4 9 -5 1 .  U. s t r i a t u l a . v i"~"." 43 • U n i c e l l u l a r  e p i ­
dermal h a i r s .  P i g .  44 .  U n i - c e l l u l a r  e p i d e r ­
mal h a i r s  i n  th e  r e g io n  of th e  t h r o a t  o f  t h e  
c o r o l l a .  P i g .  45* I l u l t i  c e l l u l a r  and u n i  s e r ­
i a t e  h a i r s .  P i  _s. 4 6 -48 .  Development o f  3- 
c e l l e d ,  u n i s e r i a t e  h a i r s .  P i g s .  49 -51 .  Deve­
lopment o f  3 -ce  l e d , u n i s e r i a t e ,  g l a n d u la r
h a i r s .  P i g s .  52-57 . Development o f  c lu b - s h a ­
ped h a i r s ,  w i th  m u l t i  c e l l u l a r , u n i s e r i a t e  
s t a l k s  and 4 - c e l l e d  g l a n d u la r  head . P i g .  58. 
T .S .  o f  th e  head o f  th e  h a i r #  showing 4 i s o -  
b i l a t e r a l l y  a r r a n g e d  c e l l s .  P i g s .  59-62. 
Development o f  c lu b -sn ap ed  h a i r s  w ith  2 - c e l -  
l e d  u n i  s e r i a t e  s t a l k  and 4 - c e l l e d  g l a n d u la r  
head .  P i g .  63* T .S .  o f  th e  g la n d u la r  head . 
P i g s .  64-67 . Development o f  c lub -shaped  h a i r s ,  
w i th  2 o r  3 - c e l l e d  s t a l k  and th e  m u l t i  c e l l u ­
l a r  h ead .  P i g .  68. T .S .  o f  the  g la n d u la r  head  
o f  th e  h a i r  showing 13 c e l l s .  P ig .  69. Club- 
shaped h a i r  wit.i 2 - c e l l e d  s t a l k .  P i g .  70 .
T .S .  o f  th e  ,g landu la r  head o f  th e  h a i r .
P i g .  43: x 137- P i g .  44: x 210.
P igs .  45 , 55- 58 , 68: x 48 0. P i g s .  4 6 -54 ,  59-67 ,
69 & 70: x 71 6

PLAIfci VI
P i g s . 7 1 -8 2 .  U. s t e l i a r i s  v a r . i n f l e x a . P i g . 71 • L .S .  
of b i f u r c a t e d  p l a c e n ta ;  th e  s m a l l e r  b ranch  i s  
devo id  o f  o v u le s .  Both  th e  b ra n c h e s  have 
t h e i r  sh a re  o f  v a s c u l a r  su p p ly .  P i g .  72. L .S .  
of  the  a p i c a l  p a r t  o f  th e  s m a l l e r  b r a n c h  of 
th e  p l a c e n t a  i n  which th e  ep id e rm a l  l a y e r  i s  
p a p i l l a t e .  .P igs. 73 & 74 .  L o n g i tu d in a l  sec ­
t i o n s  of^same ova .'./ showing th e  incom ple te  
septum and im p e r f e c t ly  developed p l a c e n ta  in  
the  s m a l l e r  chamber. P i g .  75 .  L .S .  o f  a young 
ovary showing the  i n i t i a t i o n  o f  ovule  p r im or-  
d ia  on the p l a c e n t a .  P i g .  76 .  L .S .  o f  two ovu­
l e  s situa"!
appear  t o  
p o s s e s s e s
;ed a t  th e  t o p  o f  the  p l a c e n ta  which 
have a common, f u n i c l e . One ovule 
8 - n u c l e a t e  embryo sac  w hile  i n  
t h e  o t h e r  the  embryo sac  i s  2- n u c l e a t e . P ig .  
77* L .S .  o f  yomi;' o v a le  s.. owing o n e - l a y e re d  
n u c e l l u s  and 1- c e l l e d  a rch esp o r iu m .  P i g .  78. 
L .S .  of  o v u le .  The n u c e l l u s  and the f r e e  end 
o f  th e  in tegum ent a r e  to u c h in g  the p l a c e n ta ;
th e  m icropyle  is  
come a n a t ro  pous . P i  s . 
H e re , a l s o ,  th e  micropy 
a "e d i v i d i n g  i n  f i g .  79 
formed i n  f i g .  80 .  
2 -n u c le a te  embry 
p y l a r  c an a l  
T he :
ovule  h^g 2a
Pigs. M -8 2. U. stellaris var. inflexc •it;. 71 • L.S.
of b i f u r c a t e d  p l a c e n ta ;  th e  s m a l l e r  b ranch  i s  
devoid  o f  o v u le s .  Both. the. b ra n c h e s  have 
t h e i r  sha re  o f  v a s c u l a r  su p p ly .  P i g .  72. L .S .  
o f  the a p i c a l  p a r t  o f  th e  s m a l l e r  b r a n c h  of  
th e  p l a c e n t a  i n  which th e  ep id e rm a l  l a y e r  i s  
p a p i l l a t e . P i g s .  73 & 74 .  L o n g i tu d in a l  sec ­
t io n s o I   ^same ova. lowing th e  incom ple te
septum and im p e r f e c t ly  developed p l a c e n ta  i n
the s m a l l e r  chamber, 
ovary showing the  i n  
d in  on the p l a c e n t a .  P 
l e s  s i t u a t e d  a t  th e  to p
P i g .  75* L .S .  o f  a young 
t i a t i o n  o f  ovu le  p r im or-  
i g .  76. L .S .  o f  two ovu- 
o f  the  p l a c e n ta  which
appea r  t o  have a common f u n i c l e . One ovule  
p o s s e s s e s  8 - n u c l e a te  embryo sac  w hile  i n  
t h e  o t h e r  th e  embryo sac i s  2- n u c l e a t e . P ig .  
7 7 .  L .S .  o f  young ovule  snowing o n e - l a y e r e d  
n u c e l l u s  and 1- c e l l e d  a rch esp o r iu m . P i g .  78. 
L .S .  of  o v u le .  The n u c e l l u s  and the f r e e  end 
o f  th e  in tegum ent a r e  t o u c h in g  the p l a c e n ta ;  
th e  m icropyle  i s  a b se n t  and the o v i ' l e h ^ ^ j  
come a n a t ro p o u s .  P i  s .  79 &
H ere ,  a l s o ,  t h e  micro pyle i s  o f  o v u l e .
a :e d i v i d i n g  i n  f i g .  79 P^ ^ Ds e n t .  The dyads 
formed i n  f i g .  8 0 .  P ^ ^ f  t e t r a d  lias been 
2 -n u c le a te  e m b r y e ^ ^ f d ^ ^ B ^ ^ ^ • ovule w i th
p y l a r  c a n a l  x-ri.de m icro -
Thu m . o e ^ g p P c . '  sn° r * of  ovul 0 *
ex t e r ; . ?  *4 *  ^ embryo sac
. a c e n ta .
ft. T *
81
P I  ,b;h
P i g s .  8 3 -8 6 .  TJ. s o e l l a rd.s v a r .  . f l o u r ; P i g s .  87-93• U. a r ­
cu a ta  . Pit,-* d’5 .  I  .v .  o f  a i c t u r c  o v u le .  i t  shows c h a l a z a l
and p l a c e n ta s  n u t r i t i v e. ^ i ^ s u x ^  ~c < 3 „
* Bed. The ';e R ^ t^ e ^ i r 'T r^ ^ r6 v . : i r r j ' '  ;tHb"^e”i?!: rye sac  . -Some 
c e l l s  o- t h e  p l a c e n t a l  n u t r i t  i v e  t i s s u e  have been  des ­
t r o y e d  by th e  e rb ry o  s a c .  hV  in teg u L en t  o f  tb e  f u ­
n i c u l a r  s id e  i s  n o t  s e e n , whil: on t ' a  f r e e  s id e  i t  
i s  5-6 c e l l s  t h i c k  i n  the i . i c d i e . P i g .  84. L .S .  o f  
ovule  showiig h e u ia n a t ro p o u s  Pori . ... lo n g  a~d d e l i ­
c a t e  » i c r . p y l a r  c?.uri.l i s  p r e s e n t  a t  t  re b e t t o r  of  
which the n u c e l l a r  e p i d e m i c  i s  soon. Pi--;. 85• 
of ovule . The. e rb ry a  sac  i s  a t  4 - n u c l e a t e  c t a ^ e .
The -'on.; oP t i e  ovule  i s  i u t o m e d i o t e  betw een  o r t h o -  
or opens . •.. ....et aa-.a. j ■ /ous ■ — —a * c. 6 • a. • .  ox ovu le  .
h av in g  o rb b o t r o io u s  c o n f i g u r a t i o n ,  The n u c e l l u s  i s  
p e r s i s t i n g ,  bhe embryo sac has  reach ed  2 -n u c l e a te  
s t a g e . P i g .  87 .  I .P . .  o f  young ovu le  showing n u c e l -  
l a r  e pido m l  s , th e  arc' r s p o r iu n  and tbe  bed t i a t i o n  
o f  th e  i n t e g u u e n t . P i g s .  88 a  89* L .S .  o f  o v u le s .
The o v u l e s  have become ca irpy lo t  r o p o u s . The nuce l  l a r  
e p id e r m is  p e r s i s t s .  Tbe i n tegument on th e  f u n i c u l a r  
s i d e  :.b.' w e l l  d e v e lo p e d  and t h e r e  i s  a l„-ng m ic ro p y la r  
c a n a l .  P i g .  30* L .S .  o f  ov. l e  in  w hich t h e  m i c e l l a r  
e p i  dorr i s  h a s  d ia a  speared and t h e  e :h r y o  sa c  h a s  grown 
i n t o  t h e  r i c r c p y l e .  P i g .  91. L . b .  o f  a m ature o v u l e . 
The c h a l a s a l  aud th e  p l a c e n t a l  n u t r i t i v e  t i s s u e s  are  
t h i c k - w a l l o d . The c h a l a s a l  n u t r i t i v e  c e l l s  do not 
snow any d e f i n i t e  a r ran g e  s e n t .  The f r e e  s id e  o f  th e  
in tegum ent  i s  2-3 c e l l s  t h i c k .  P i g .  92. L .S .  o f  a 
he mi a n a t ro p o u s  ovule  , in  which the embryo sac  h a s  
cone ou t  o f  t h e  m ic ro p y la r  opening  and has  ex tended  
raicb beyond th e  l i m i t s  o f  th e  o v u le .  P i g .  95. L .S .  
o f  ovule  which has  f a i l e d  to bend .
( d e c o n s t r u c t e d  f i g u r e s  8 5 ,  8 5 ,  91 & 92)
r i g s .  83 , 8 5 ,  91 cu 32: x 487 . 
P i g s .  8 7 - 9 0 :  x  5 4 2 .
Pigc 14, 86 L S3: x 214.

PLiiTU 7111
P i g s .  94-98. P .  u l i g i n o  s a ; T ig s .  99-105. U. s t r i a t u l a .
P i g .  94 .  L.O. o f  ovule  s low ing  th e “ i n t  egunent and 
t lie  s i n g l e - l a y e r e d  n u c e l l u s .  P i g .  95- L .S .  of  
avu le  . The ixite m m x ti  pn. ,tke f u e l  cula^sid& ^taM jftter  js < 
* •  igaate  m assive  ? m  tne- micro _o y Ia r  cana l  as c l e a r l y
seen • ue n u c e l l a r  e idor: 3_ K.i -- I cl dec;ene r a t e d .  P ig
96. X • • o f  ovule she 17ia.:_ 2!-XLu c l Qo.tG emb.L o GX c
u n i  cX i. XKJ s i  m a te d  a t t he b ot  X01.1 0X ct Io n g i d  c ropy l a
C O Xlo-1-L * I lie n u c e l lu s xlL. u do ■jeno r -i-oca and t:. e m icro-
py l a r 0 J6 XLICGS GJ i£*‘ Jl£. ce a t  a • —’,4Xa • 97 • L .S .  of
ovul 0 c. o 110 Cl G ct"u^  «~.4- - G k,Ou G1 jX ■1 . "I "1 C'A emb■1*^ G L/ciC •
The e i.:.0 yo gc.c he,(j g r Q\m  ii- i/ii.6 loic ro py l a r  c a n a l .
Pit,* oj c*• «i_ * • Q X LiLl 0 01a.*G OVV.Xvo • he nu  o r i t  ive  t i s -
su.es L~x e t h i c k - w a l l e d • rp. i-,J. - LC c ScaX xlu 0r i t i v e  t i s -
sue C - k_-' _ _.0u >_> no ' c f i n i t e
■lp 11. Gil GX X 0 h! i c e l l s .
The iii e umen .', on oiie f r e e s i d e , • _ a_io  0vIO l a y e r s  o f
c e l l o “C ,clc. The ape : e i  gilbryo bci,C to n d ie s  th e
p la c Gli.1. . ucl « P i g .  99. L •*j • 0 _L Gv u l e lilii ch h as  grown
s t r a A The f u n c t i 0n a l  mG yms a0x^G XS Seon s i t u a -
t e d C- *•> _i.0 .e bo t tom  ox l o . . ai c ^ 10pyle.a’ caiic.1. x' i g .
100. 1_; •)J • o f  young ov C-.l e  s.. Oil in  a t i e n u c e l lu s  and
t  he CtXGaxe s p o r i a l  c e i l • '.. lie d i f f 'ere  n t i a t i o n  o f  i n -
t  e gumo n n as  t. oa.. ue a . x!'lg* i 01. L . s*. o f ovu le  .
The in t 0 une i i t  on the f u n ic u l 1 -y» O. -i- o ide i s a lm ost  ab -
se n t • r\ .e ovu le  has a- £• 0 -.. .0d ana ua.’ 0 pOu s conf i g u r a -
t i o n • n aie n u c e l l u s  h , 3 dc £;e ae r a . 0ed. jj1 g . 10 2 . l . o
o f  0VILLG a ia  2 -nuc le c..te oil:.iJ a. ■y o K-la c . e n u c e l l a r
e p id e r m is  i s  p r e s e n t ,  b u t  t h e  m icro  p y le  i s  a lm o s t  
q .u  ^  on ^  . —■ j- .. I . o -L a "v l i e  . i--e a—n a c l  a < o
e mb rye kD u G lb  DG Gil o O... c l i in th e Pi cl C Giro cl • x X •
104. I • » o f  o v u le v i /a: ./' LL ■-< _ i. i xiu c l e a t e GLibxyo ba c . Jon
sx C'iG rb.~ j ^  c para o f  l:l a c e n t  a has b GO c o,i turned Ly the
ombxyo sa c • ~ife'* 105 • X • • 0 j. r.iciaU OaX^C/ U V "LtX U n• _Lhe
p la c e n c i~ L ana cnais. i. jdJ., xi cL oV i t i v 1G bX G St-© G cl ~*© J-T * U 1 I ck -
w a l le d r;ha c e l j . s u f C. .0 c ll Cli u i iiau^i o-xVG 1 i  s sue
a r e  com pactly  a rranged .  L a j o r  p o r t io n  o f  t i e  p la c e n ­
t a l  n u t r i t i v e  t i s s u e  lias d i s a p p e a r e d .  Tlie i n t e g u ­
ment on t lie  f r e e  s id e  i s  u n i fo rm ly  tixrec l a y e r s  o f  
c e i l s  t h i c k .  In te g u m e n ta ry  tap e tu m  i s  n o t  d i f f e r ­
e n t i a t e d .  J g g  a p p a r a tu s  i s  s i t u a t e d  com ple te ly  o u t ­
s id e  tlie o v u l e . ^  %  niiWnr
(1...c c o n s t r u c t e d  f i g u r e  98)
P i g s .  94-97  , 100-10 ,- :  x 420 • Pig* 98: x 590 
P i g .  9 9 ; x 2 6 2 . P i g .  105: x 7 8 7 .

PlATd IX
F i  go . 1 6-117* U. s t e l i a r i s  v a r . i n f l e x a . P i g s .  106 &
107. D i f f e r e n t i a t i o n  o f  th e  female a r c h e s -  
porium. P i g s .  108 & 109 • D i f f e r e n t i a t i o n  
o f  the  in tegum ent and c u rv a tu re  o f  th e  o v u le .
The megaspore mother c e l l  i s  t u b u l a r  and 
s i i  ght l y  curve d . P ig .  110 • D i  v i  s ion o f  the  
me gasp o re  m other c e l l .  P i g .  111. The d i v i ­
s io n  o f  the dyads .  P i g .  112. D iv i s io n  of 
the dyads i s  not s im u l ta n e o u s .  P i g s .  113,
114, 115, 116 & 117. Showing l i n e a r ,  L -sh a -  
ped, T -shaped ,  1 - shaped and a lm ost  i s o b i l a ­
t e r a l  megaspore t e t r a d s  r e s p e c t i v e l y .
(R e c o n s t ru c te d  f i g u r e s  111, 112, 1 15 & 116 ) .
P i g s .  106-117: x 528.

P i g s .  118-128. U. s t e l i a r i s  v a r .  i n f l e x a . P i g .  118. A l i n ­
e a r  x e t r a d  i n  which th e  sub m ic ro p y la r  megaspore 
has a m ic ro - n u c le u s .  P ig .  1 1 9 . Shows two m icro­
n u c l e i  n e a r  the  n u c le u s  o f  th e  m ic ro p y la r  megas­
pore . P ig .  120* The c h a l a z a l  mega spore  i s  func­
t i o n i n g .  Pig* 121. A l l  the  f o u r  m egaspores o f  
a l i n e a r  t e t r a d  a re  h e a l t h y .  Bach o f  th e  low er 
two mega sp o re s  have developed  i n t o  2 - n u c l e a te  em­
b ryo  s a c s .  Pig* 122. The m ic ro p y la r  megaspore 
i s  d e g e n e ra t in g ,  w hile  the  rem a in in g  th r e e  a re  
h e a l t h y .  Pig* 123* I n  the  l i n e a r  megaspore t e t ­
r a d ,  the c h a l a z a l  megaspore has developed  i n to  a 
4 - n u c l e a te  embryo s a c .  The f i r s t  and second me­
g asp o res  from the m ic ro p y la r  end a re  h e a l t h y ,  
w hile  the t h i r d  shows s ig n s  or£ d e g e n e r a t io n .
P i g .  124. Two t e r m in a l  megaspores a re  h e a l t h y ,  
w hile  the two middle ones have d e g e n e ra te d .  The 
c h a l a z a l  megaspore h a s  developed i n to  a 2 -nuc­
l e a t e  embryo s a c .  Pig.. 125* The low er two megas- 
p o re s  o f  a l i n e a r  t e t r a d  a re  h e a l th y  and the  up­
p e r  two have d e g e n e ra te d .  Pig* 126* I n  a J j- sha­
ped megaspore t e t r a d ,  the  two megaspores o f  th e  
lowermost t i e r  a re  h e a l t h y .  P i g .  127. One o f  
lo w er  two m egaspores o f  a . i - s h a p e d  t e t r a d  has de­
g e n e ra te d ,  w hile  the  rem a in in g  th r e e  a re  h e a l t h y .  
P ig .  128. A l l  t h e  megaspores o f  the t e t r a d  a re  
h e a l t h y ,  one of  them has developed  i n to  a mature 
embryo sa c ,  w hile  the rem a in in g  t h r e e  show vacuo­
l a t e d  cy top lasm .
(R e c o n s t ru c te d  f i g u r e s  1 21-1 23, 1 25-128)
P i g s .  118-128; x
f

P i g s .  129-137. U. a r c u a t a . F ig .  129* Two a r c h e s p o r i a l  
c o i l ’s ,  s i t u a t e d  one above th e  o t h e r .  F ig .  
130. Two a rch e  spo r ia l .  c e l l s  s i t u a t e d  s id e  by 
s i d e .  F i g .  131. D iv i s io n  o f  th e  megaspore 
m other c e l l .  F ig .  132. S im u ltan eo u s  d i v i s i o n  
ox th e  dyads .  F i g .  133. L in e a r  t e t r a d .  The 
c h a l a z a l  megaspore i s  f u n c t io n i n g .  F ig .  134. 
T-shaped megaspore t e t r a d . F i g .  135. Two 
l i n e a r  t e t r a d s  s i t u a t e d  s id e  by s i d e .  F i g .  
136. L in e a r  megaspore t e t r a d  i n  which the  
t h i r d  megaspore from the m ic ro p y la r  end i s  
d e g e n e r a t in g  and the rem a in in g  t h r e e  a re  
h e a l t h y .  F i g .  137. l i n e a r  megaspore t e t r a d  
i n  which th e  low er two m egaspores a re  h e a l ­
thy  .
(lie c on s t  r i ■ c v e d f  i  gu re 130)




S g r  -  —  f
P i g s .  138-145* U. u l i p j n o s a ; P i g s .  146-1 53. U. s t r i a t u l a .
P i g .  138. Allows th e  n u c e l lu s  and "the t u b u l a r  
a r c h e s p o r i a l  c e l l .  The d i f f e r e n t i a t i o n  of  th e  
in tegum ent has  s t a i ' t e d .  P i g .  139* Two a r c h e s -  
p o r i a l  c e l l s  a re  s i t u a t e d  s id e  by s i d e .  P ig .  
140. D iv i s io n  of the  megaspore mother c e l l .
P i g .  141. D iv id in g  dyads. P i g .  142. l i n e a r  me- 
gaspore t e t r a d .  Three  upper  megaspores have de­
g e n e r a t e d .  P i g .  143. T -shaped  megaspore t e t r a d .  
P ig .  144. I . -shaped  megaspore t e t r a d .  The ia icro-  
p y l a r  megaspore has  d e g e n e ra te d .  P i g .  145. L in ­
e a r  megaspore t e t r a d  in  which th e  second megas­
pore  from the  m ic ro p y la r  end has d eg enera ted  
w hile  o t h e r s  a r e  h e a l t h y .  P i g .  146. Two a rc h e s -  
p o r i a l  c e l l s  s i t u a t e d  s id e  by s i d e .  P ig .  147. 
l i n e a r  megaspore t e t r a d  in  w ic h  the c h a l a z a l  
megaspore i s  f u n c t i o n a l .  P i g .  148. T -shaped  
megaspore t e t r a d .  P i g .  149* i- e ga spore  t e t r a d  
in  which th e  u p p e r  dyad has  d iv id e d  by an ob­
l iq u e  w a ll  producing a c o n d i t io n  in te r m e d ia t e  
between l i n e a r  and T -sh a p e . P i g .  150. A l l  t h e  
megaspores of th e  t e t r a d  a re  h e a l t h y ,  a l th o u g h  
on ly  c h a l a z a l  megaspore has c o n s id e ra b ly  e longa ­
t e d .  P i g .  151* The t h i r d  megaspore from the mi­
cro p y l a r  end i s  d e g e n e ra t in g  and the rem a in in g  
ones a re  h e a l t h y .  Pi,- . 152. L in e a r  t e t r a d  i n  
which the second megaspore from the  micro p y la r  
end has  d e g e n e ra te d  and the  rem a in in g  megaspores 
a re  h e a l t h y .  P i g .  153* The second megaspore of  
a T -shaped t e t r a d ,  from th e  cha-iazal end , i s  de­
g e n e ra t in g ;  while  th e  o t h e r s  a re  h e a l th y .
(R e c o n s t ru c te d  f i g u r e s  139, 144 & 153)
V  aifnlt* ^ 8 * 158“ 1 55! % 78 * • ■; • &  * ' ’ V s* 'f














Pigs 154-165. U. s t e l l a r i s  v a r .  i i i x l e x a . P ig .  154. 2 -nuc-  
l e a t e  embryo s a c .  The in tegum ent on th e  f r e e  
s id e  h a s  reached  n e a r  the p l a c e n t a l  s u r f a c e ;  
n u c e l lu s  p e r s i s t s ;  the  m icropy le  i s  wide and 
s h o r t  and th e  end o th e l iu m  has  d i f f e r e n t i a t e d .  
P i g .  155. 4 - n u c l e a t e  embryo sa c ,  e x te n d in g  
from th e  c h a la z a  up to  th e  p lacen ta*  A conca­
v i t y  in  the p l a c e n t a  h a s  been  produced due to  
th e  d i s o r g a n i z a t i o n  o f  t h e  p l a c e n t a l  n u t r i t i v e  
t i s s u e .  P i g .  156. A l l  the  n u c l e i  o f  a 4 -nuc ­
l e a t e  embryo sac  a re  d i v i d i n g  s ium ltsuaeously • 
P i g .  157. 8 -n u c l e a t e  embryo sa c .  The two p o l -  
a r s  meet, b e fo r e  th e  o r g a n i z a t i o n  of th e  egg 
a p p a r a t u s .  The t h r e e  n u c l e i  d e s t in e d  to  form 
the egg a p p a r a tu s  a re  s i t u a t e d  to w ard s  th e  f u ­
n i c u l a r  s id e  of the  embryo s a c .  P i g .  158. na­
tu re  embryo s a c .  The egg a p p a ra tu s  i s  o r g a n i ­
zed w i th in  th e  ovule  and on the f u n i c u l a r  s id e  
o f  the  embryo s a c .  P ig .  159* The c e l l s  of the  
egg a p p a ra tu s  show a t r i a n g u l a r  a rrangem ent i n  
the  f a c e -v iew  o f  the embryo s a c .  P i g .  160. The 
egg i s  s i t u a t e d  a t  a h i g h e r  l e v e l  i n  t h e  embryo 
sac th a n  th e  s y n e r g i e s .  P i g .  161. The egg ap­
p a r a t u s  i s  o rgan ized  on the  f r e e  s id e  o f  the  i n ­
teg u m en t .  P i g .  162. The two p o l a r s  which have 
c o n s id e ra b ly  en larged , a re  s i t u a t e d  a t  a h ig h e r  
l e v e l  th a n  the  egg a p p a r a tu s .  P i g .  163. One o f  
the  t h r e e  a n t i p o d a l s  i s  very  consp icuous  and 
h as  v a c u o l a t e d  cy top lasm . Pig* 164. The p o l a r s  
have fu se d  to form a v e ry  b i g  secondary  n u c l e u s .  
P i g .  165* A; embryo sac showing l i n e a r  a r r a n g e ­
ment o f  th e  egg a p p a r a tu s .  A l l  t h e  t h r e e  c e l l s  
a re  ve ry  much s i m i l a r  to  each  o t h e r .
( d e c o n s t r u c t e d  f i g u r e s  1 57-1 65) 
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PLATE XIV
F i g s .  166-170. U. a r c u a t a; F i g s .  171-173* U. u l i ^ i n o sa .
P i g .  T66. L ."S', o f  ovule which h a s  "become campylo- 
t ro p o u s  a t  th e  1- n u c l e a t e  s ta g e  o f  th e  embryo sa c .  
The i  it e guise n t  on b o th  the  s id e s  i s  w e l l  d i f f e r ­
e n t i a t e d  and th e  n u c e l i a r  e p id e rm is  i s  seen a t  
the bo t tom  o f  a lo n g  m ic ro p y la r  c a n a l .  P i g .  167. 
The f r e e  s id e  of  th e  in tegum ent i s  to u c h in g  the 
p l a c e n t a l  s u r f a c e ;  th e  n u c e l l a r  e p id e rm is  i s  he­
a l t h y  which i s  c o v e r in g  the 2 - n u c l e a te  embryo sac .  
P i g .  168. The 4 - n u c I e a te  embryo sac has  grown i n -  
"c the m ic ro p y la r  c a n a l .  The c e l l s  su r ro u n d in g  
the  embryo sac  appear  to be t a p c - ta l  i n  n a t u r e .
P i g .  169. 8 - n u c l e a t e  embryo sac  i n  which th e  an- 
t i p o d a l s  and the  egg has  been  o rg a n i s e d ,  b u t  th e  
n u c l e i  which form th e  s y n e r g ie s  a re  l y i n g  f r e e l y .  
P i g .  170. Mature embryo s a c .  The p o l a r s  have fu ­
sed to form th e  secondary  n u c le u s .  P ig .  171 • Ovule 
showing we 1 1 - developed in tegum ent on a l l  s i d e s  
w i th  a lo n g  m ic ro p y la r  c a n a l ,  a t  th e  bo ttom  o f  
which th e  n u c e l l a r  e p id e rm is  i s  seen capping  a 1- 
n u c l e a te  embryo s a c .  P i g .  172. The ovule  has be­
come cam pylotropous ac th e  2 - n u c l e a te  s tag e  o f  
the s a c .  The micro p y l a r  opening  i s  v e ry  n e a r  th e  
p l a c e n t a l  s u r f a c e .  The n u c e l l a r  e p id e rm is  i s  p r e ­
s e n t .  P ig .  173. 3 - n u e l e a t e  embryo sa c .
(ll; c o n s t r u c t e d  f i g u r e  1 69 & 17  2)
P i g .  1 66: x 667. P i g s .  169-171 & 173: x 667.
P i g s .  167, 168 & 17 2: x 507 .

P i  s .  174-178. U. u I i ri n o s a ; Pi:  s .  179-184. U. s t r i a t u l a .
T7 4 V I'he n u c e l lu e  has d i s a p p e a re d  and th e
4 - n u c l e a te  embryo sac  has grown i n t o  th e  m icro ­
p y l a r  c a n a l .  The in tegum ent on the f r e e  s id e  i s  
two l a y e r s  of c e l l s  t .  i c k .  F i g .  175. 6 - n u c le a te  
embryo s a c .  J i g .  176. 8 - n u c l e a te  s ta g e  o f  the 
embryo sac b e fo r e  the f u s io n  of  th e  p o l a r s .  P i g .  
177* Pace-view. o f  a n a tu re  embryo sac (A n t ip o d a ls  
a re  n o t  s e e n ) .  P i  . 1'78. I la tu re  embryo sa c .  The 
p o l a r s  have fu s e d  to  form secondary  n u c le u s .  P i g .  
179* 1- n u c l e a t e  embryo s a c ,  capped by the  n u c e l -  
l a r  e p id e rm is .  The m ic ro p y la r  c a n a l  i s  very  s h o r t  
and w ide .  The f r e e  end o f  the  in tegum ent i s  to u ­
ch ing  th e  p l a c e n t a l  s u r f a c e .  P i g .  180. The 2-nuc­
l e a t e  embryo sac  i s  to u c h in g  the  p l a c e n t a .  P i g .
1 £1 . The 4 - n u c l e a t e  embryo sac has  consumed the  
m ajor p a r t  o f  t h e  p l a c e n t a l  n u t r i t i v e  t i s s u e .
P i g .  182. 8 - n u c l e a te  embryo sac b e f o r e  the  f u s io n  
o f  t h e  p o l a r s .  P i g .  183* I 'a tu r e  embryo sac  i n  
which th e  p o l a r s  have f u s e d .  P i g .  184. T .S .  o f  t h e  
e gg ap p a ra tu  s .
( i e c o n s t r u c te d  f i g u r e s  175 & 176)
P i g s .  174 & 179*. x 529. P i g .  17 5: x 557. P i g s .  176- 
178, 180-184: x 696.
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P i g s .  196-200. U. s ' c e l l a r i s  v a r .  i n f  1 e x a ; P i g s .  201 -  203. U.
a r c u a t a . P i g .  196. 6 - n u c le a te  mature embryo sac  whic.ii c o n s i s t s  c
o f  two s y n e r g id s ,  one egg, one p o l a r  and two a n t ip o ­
d a l  s .  P ig .  197. 13 - n u c le a te  embryo s a c .  I t  c o n s i s t s  
o f  one s y n e r g id ,  one egg, f i v e  p o l a r £3, t h r e e  a n t i p o -  
d a l s .  There a re  th r e e  m ic ro n u c le i  on one s id e  o f  th e  
embryo s a c .  P i g .  19&* 1 3 -n u c le a te  err.bryo sa c .  There 
a re  t h r e e  a n t i p o d a l s ,  f o u r  f r e e  n u c l e i  and s i x  c e l l s  
( e q u i v a l e n t  to  two egg a p p a ra tu s e s )  s i t u a t e d  on th e  
f u n i c u l a r  s id e  o f  th e  embryo sa c .  The n u c l e i  o f  th e  
lowermost two c e l l s  a re  d iv id i n g .  P i g s .  199 & 200.
The embryo sac s  in  th e  o v u le s  have d e g e n e ra te d .  The 
s e p a r a t i n g  w a l l s  o f  th e  e n d o t h e l i a l  c e l l s ,  s i t u a t e d  
a t  t h e  f u n i c u l a r  s i d e ,  have b roken  down and t h e i r  c e l l  
c o n te n t s  mixed up fo rm ing  a c o e n o c y t ic  mass. P i g .
201. L.&. o f  ovule  i n  which the a p i c a l  p a r t  o f  th e  2-
n u c l e a te  embryo sac h a s  come o u t  o f  the  m ic ro p y la r  
o p en in g  and has  c re p t  ove r  the p l a c e n t a l  s u r f a c e .  P ig .
202. An ovule  i n  which a 4 - n u c l e a te  embryo sac  has be ­
come e x t r a - o v u l a r  a t  booh en d s .  I t s  m ic ro p y la r  end i s  
to u c h in g  t h e  p l a c e n t a ,  w hile  the  c h a la a a l  end i s  p ro ­
j e c t i n g  o u t  i n t o  th e  o v a r i a n  c a v i t y .  P ig .  203* The 
m ajo r  p a r t  o f  a 6 - n u c l e a t e  embryo sac h a s  come out  of  
th e  ovule  l i m i t s .  Three mega sp o res  a re  a l s o  seen  a t  
th e  c h a la z a .
(R e c o n s t ru c te d  f i ' u r e s  196, 198-200, 202 & 203) 
P i g s .  196-198 & 200: x 483. P i g s .  199, 201-203*. x 212.
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P i g s .  21 6-224. U. s t e l l a r  i s  v a r .  i n f l e xa • P ig .  216. 1 . 0 . of 
a n t h e r  showing"two p a tc h e s  o f  a rchespo r ium . P ig .
217. T .i ; .  0 1  a n t h e r  w i th  f o u r  a r c h e s p o r i a .  P i g .
218. A p a r t  o f  th e  a n t h e r  showing hypo dermal o r i ­
g in  o f  male a rch esp o r iu m .  Pig* 219- L .S .  of  .an­
t h e r .  The fo rm a t io n  of  sporogenoue t i s s u e  and the  
p r im ary  p a r i e t a l  l a y e r .  P i g .  220. A p a r t  of th e  
a n t h e r .  P o r n a t io n  o f  t a p e t a l  l a y e r .  P i g .  221.
A p a r t  of  the a n t h e r .  Form ation  of th e  l a y e r s  t h a t  
would deve lop  i n t o  endotheeium  and the  m icd le  l a ­
y e r .  P ig .  222. A p a r t  o f  the  a n t h e r .  [I‘he w a l l  
l a y e r s  and the  sporogenous l a y e r .  The t a p e t a l  
c e l l s  on b o th  t h e  s in e  o f  th e  sporogenous l a y e r ,  
h a v e  he cone b i n u c l e a t e . P i g .  223. P a r t  o f  th e  an­
t h e r ,  showing the  s t r u c t u r a l  d e t a i l s  o f  th e  w a l l  
l a y e r s .  P ig .  224. P a r t  o f  a mature a n t h e r . The 
c e l l s  o f  the endotheeium  p o s s e s s  f i b r i l l a r  t h i c k ­
e n in g s  . The : id&le l a y e r  p e r s i s t s  w hile  t h e  t a -  
petum h a t  d e g e n e ra te d .
21 6 £ 217: x 208. P i g s .  218-224: x -474 .

pT.-y^pT
P i g s .  225-230. U. a r c u a t a ; P i g s .  251-234. U. u l i ^ i n o s a ;  P i g s .  
235-239* il* s t r i a t u l a ♦ P i g s .  225, 231 & 235. P a r t  o f  young 
an'die r  shov ing  hypodermal o r i g i n  o f  th e  r a l e  a r c h e s -  
porium . P ig s*  226 ft 235* P a r t  o f  a n t h e r  sho v in g  
th e  d i f f e r e n t i a t i o n  o f  sporogenous t i s s u e  and th e  
p r i r .a ry  p a r i e t a l  l a y e r .  P i g s .  227 ft 236. P o r n a t io n  
o f  th e  l a y e r  thi-.t would deve lop  i n t o  t a p e  turn. P i g s .  
227 & 237- The fo rm a t io n  of t h e  middle l a y e r  and th e  
l a y e r  t h a t  would g ive  r i s e  t o  t h e  endotheeium . P i g s .  
22c, 232 ft 238. P a r t s  of a n t h e r ,  showing ta p e  turn on 
t h e  i n n e r  s id e  o f  t h e  sporogenous t i s s u e ,  The ta p e ­
t a l  c e l l s  have become b i n u c l e a t e .  P i g s .  229 ft 233. 
The s t r u c t u r a l  d e t a i l s  of th e  w a l l  l a y e r s  o f  a n th e r  
a f t e r  fo rm a t io n  o f  micro spo re  s .  P i g s .  230, 234 &
239* P a r t  o f  mature a n t h e r ,  showing the e p i d e r m i s , 
t h e  endo theeium  and th e  middle l a y e r .  The tape  turn 
h a s  com ple te ly  d i s a p p e a r e d .
P i g s .  225-227, 235-239'* x 335* P i g s .  2Q6-234: x 405.

P i g s .  240- 257. U. s t e l l a r  i s v a r .  i  r ifle x a . F i g s .  240-242. 1-Ii—
cro s p o re  m other c e l l  s lowing m e io s i s .  P i g .  243. Cyto­
k i n e s i s  o f  xhe micro spo re  m other c e l l .  P i g .  244. T e t ­
r a h e d r a l  n iicrospore t e t r a d .  P i g .  245* I s o b i l a t e r a l  
t e t r a d  o f  m egaspores .  Pig* 246. Phomboidal t e t r a d .  
P i g .  247 . So c t  ion  o f  a micro spore  showing e q u a t o r i a l  
b u lg e s  o f  the  ex in e  . P i g .  248. S qua to r ia l -v iew  o f  th e  
m ic r o s p o r e . P i g .  249* P o l a r  view of th e  m ic ro s p o re . 
P i g .  250. 2 - n u c l e a t e  p o l l e n  g r a i n ,  packed w ith  sm all  
s t a r c h  g r a i n s .  P i g .  251* D iv i s io n  of th e  g e n e ra t iv e  
n u c l e u s .  P i g .  252. 3 - n u c l e a t e  p o l l e n  g r a i n .  The two 
male n u c l e i  a re  o rg a n iz e d  in to  c e l l s .  P i g .  2 53. 2- 
n u c l e a t e  p o l l e n  g ra in  h a v in g  l a r g e  a s  w e ll  a s  sm all  
s t a r c h  g r a i n s .  P i g .  254. 3 - c e l l e d  p o l l e n  g r a in .
S t a r c h  g r a i n s  a r e  t o t a l l y  a b s e n t .  P i g .  255* 2-nuc­
l e a t e  p o l l e n  g r a i n .  Both  th e  n u c l e i  a re  o f  eq u a l  
s i z e .  P i g .  256. 3 -n u c l e a te  p o l l e n  r a i n .  There are  
two l a r g e  and one sm all  n u c l e u s .  P ig .  257. 2 - c e l l e d  
compound p o l l e n  g r a i n  o f  g i a n t  s i z e .  Bach c e l l  has  
two l a r g e  n u c l e i .
( l e e c n s ' t r u c t e d  f i g w e  257 )
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. 2 58- 27 5. U. a r c u a t a .  ? i | .  258'. 1‘e t r a l i e d r a l  micro spore 
t e t r a d T  th e  w a l l  o f  th e  mother c e l l  i s  a b s e n t .
P i g .  259 • Ehomboidal m ic rospore  t e t r a d ,  t h e  w a l l  
o f  t h e  mother c e l l  i s  no t  p r e s e n t .  F i g .  260. I l i c r -  
o sp o re  w i th  a consp icuous  vacuo le  i n  i t s  cy top lasm . 
P i g .  261. 2 - n u c l e a t e  p o l le n  r a i n ,  th e  g e n e r a t iv e  
c e l l  i s  d e l im i t e d  by a h y a l in e  w a l l .  P i g .  262. 2-
n u c l e a t e  p o l l e n  r a i n .  I t ' s  cy top lasm  shows a cons­
p icuous  v a c u o le .  The g r a i n  i s  4 - p o r a t e .  P i g .  263.
3 ~ n u c le a te  p o l l e n  g r a i n ,  t h e  s ta rch ,  g r a i n s  have 
s t a r t e d  to  a p p e a r  but th e  h i lum  i s  n o t  c l e a r l y  seen .  
P i g .  264. m ature  3 - n u c l e a te  p o l l e n  g r a i n ,  s t u f f e d  
w i th  s t a r c h  g r a i n s .  P i g . 265. 4 - c e l l e d  compound p o l ­
l e n  g r a i n ,  the  c e l l s  have i s o b i l a t e r a l  a r rangem en t .  
P i g .  266. 4 - c e l l e d  compound p o l l e n  g r a i n ,  t h e  nuc­
l e i  o f  two of t h e  c e l l s  h a s * d i v id e d . P i g .  267 * P o l ­
l e n  g ra in  w ith  two l a r g e  n u c l e i  o f  eq u a l  s i z e .  P ig .  
268 . P o l l e n  r a i n  w ith  a g e n e r a t i v e  c e l l ,  a v e g e ta ­
t i v e  n u c le u s  and a n o th e r  p a i r  o f  n u c l e i ,  t h e  p o l l e n  
g r a i n  i s  5 - p o r a t e . P i g .  269. 2 - c e l l e d  compound p o l ­
l e n  g r a in  p a r t i t i o n e d  by a d e l i c a t e  w a l l .  On one 
s id e  o f  the  g r a i n ,  two sm all  n u c l e i  a re  embedded in  
dense cy top lasm . P i g .  270 . 4 - n u c l e a t e  p o l le n  g r a in .  
P i g .  271 . Compound p o l l e n  g r a i n  p a r t i t i o n e d  by a de­
l i c a t e  w a l l ,  l i e  n u c l e i  i n  each  c e l l  a re  degenera ­
t i n g .  P i g .  272 . 4 - p o r a te  p o l l e n  g r a in  w ith  a sm all  
g e n e r a t i v e  n u c le u s  and a h y p e r t r o p h ie d  d e g e n e ra t in g  
v e g e t a t i v e  n u c l e u s ,  t h e  cy top lasm  i s  v a c u o la te d  and 
s t a r c h  g r a i n s  a re  a b s e n t .  P i g .  273* P o l l e n  g r a i n  
showing a e n e n a t iv e  c e l l  and a h y p e r t r o p h ie d ,  deg­
e n e r a t i n g  n u c l e u s .  P i g .  274. Polysperm ous p o l l e n  
g r a i n ,  snowing a v e g e t a t i v e  n u c le u s  and t h r e e  sperm 
n u c l e i .  P i g .  27 5* 5 -nu .c lsa te  p o l l e n  g r a in ,  p o s s e s ­
s in g  one l a r g e  v e g e t a t i v e  n u c le u s  and f o u r  sm all  
f r e e  n u c l e i .
258-27 5: xV/2*. >.... i • -  <f<; -*v %.
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P i g s .  276-284. U. u l i r i n o s a ; P i g s .  285-292. U. s t r i a t u l a .
P i g .  276. T e t r a h e d r a l  megaspore t e t r a d .  P i g .  277. 
I s o b i l a t e r a l  megaspore t e t r a d .  P ig .  278. 4 - p o r a te  
micro s p o r e .  P i g .  279. 2 -n u c l e a te  p o l l e n  g r a i n .
P i g .  280. 3“ c e l l e d  p o l l e n  g r a i n .  P i g .  281. P o l le n  
g r a i n  w i th  two n u c l e i  ox eq u a l  s i z e .  P i g s .  282 & 
283. Two c o n s e c u t iv e  s e c t i o n s  of  a 7 - n u c l e a t e  p o l ­
l e n  g r a i n .  P i g .  284. 5 - n u e l e a te  p o l l e n  g r a i n .
P i g s .  285 & 286. IH cro sp o re  m other c e l l s  showing 
m e io s i s .  P i g .  287 . T e t r a h e d r a l  micro spore t e t r a d .  
P i g .  288. D ecu ssa te  t e t r a d  o f  m egaspores .  P i g .
289. Young micro sp o re .  P i g .  290. 3-pora 'ce mature 
m icro spore  p o s s e s s i n g  numerous sm all  v a c u o le s  i n  
i t s  cy to p la sm . P i g .  291 • 2 - n u c l e a t e  p o l l e n  g r a i n ,  
s t u f f e d  w ith  s t a r c h  g r a i n s .  P i g .  292. 3 - n u c l e a te  
p o l l e n  g r a i n .
(R e c o n s t ru c te d  f i g u r e  286)
P i g s .  276-292: x 870.

PLATS XXV
P i g s .  293-300. U. s t e l l a r i s  v a r .  i n f l e x a . P i g .  293. P a r t  
o f  s t igm a showing th e  s t i g n a t i c  p a p i l l a e .  P i g .
294. L .o .  o f  the u p p e r  p a r t  o f  gynaeceum showing 
the two s t i g m a t i c  l o b e s .  G erm ina ted  p o l le n  g r a i ­
n s  a re  seen  a d h e r in g  to  t h e  a n t e r i o r  s t i g m a t i c  
lobe  , w hile  t h e  p o s t e r i o r  lo b e  i s  i n s i g n i f i c a n t  
o w i n o n - p a p i l l a t e . A bundle  o f  p o l l e n  tu b e s  i s  
seen i n  the  s t y l a r  c a n a l .  P i g .  295. P a r t  o f  t h e  
s t igm a  w ith  germinated, p o l l e n  g r a i n s  which a re  s i ­
t u a t e d  some d i s t a n c e  away from th e  s t i g m a t i c  su r ­
f a c e .  P i g .  296. Embryo sac  showing double f e r t i ­
l i s a t i o n .  The two p o l a r  n u c l e i  and th e  second male 
gamete a re  l y i n g  t o g e t h e r .  The p o l l e n  tu b e  i s  very  
c o n sp ic u o u s .  P i g .  297. I t  shows t h a t  the  p o l le n  
t u b e ,  a t  i t s  f i r s t  p o in t  o f  c o n ta c t  has  e n t e r e d  the  
s a c .  The endosperm has  rea c h e d  3 - c e l l e d  s t a g e .
I lear  th e  zygote  n u c le u s ^ th e r e  i s  seen  a n o th e r  nuc­
l e u s  which may b e lo n g  to th e  p e r s i s t e n t  s y n e rg id .  
P i g .  298. Embryo sac i n  which the  p o l l e n  tu b e  has 
c r e p t  down a lo n g  th e  f u n i c u l a r  s id e  o f  th e  o v u le ,  
much below the l e v e l  of th e  egg a p p a r a t u s .  F e r t i ­
l i z a t i o n  has  n o t  t a k e n  p l a c e .  P i g .  299- Embryo 
sac i n  which two p o l le n  tubes a re  se e n ,  one h a s  made 
i t s  way on the  f u n i c u l a r  s id e  o f  th e  sac  and th e  
o t h e r  has  c r e p t  a lo n g  th e  i n n e r  s u r f a c e  o f  the  f r e e  
s id e  o f  th e  in te g u m e n t .  P i g .  300. G erm inated  p o l ­
l e n  g r a in  showing two p o l le n  t u b e s .  One o f  th e  
p o l l e n  tu b es  has  a sm a ll  d iv id i n g  n u c l e u s .
(R e c o n s t ru c te d  f i g u r e s  294, 296-299)
P i g s .  293, 295, 297 -300 :x509 .  P i g .  294: x 62 
P i g .  296: x 1073.

PL A’IE XXVI
P i g s .  301-303. U. a r c u a t a ;  I’i g s .  304-306. U. u l i g i n o s a ;
P i g s .  307-311* U. s t r i a t u l a . F i g .  301. The apex of  th e  
a n t e r i o r  s t i g m a t i c  lo b e .  The s t i g m a t i c  s u r f a c e  
i s  covered  by th e  p ro fu se  s t i g m a t i c  s e c r e t i o n .
P i g .  302. Both the  s t i g m a t i c  l o b e s  a re  a lm ost 
e q u a l ly  d ev e lo p ed .  S e c r e a t io n  h a s  tak en  p lace  
from  the  ep ide rm al  c e l l s  o f  the a b a x i a l  s id e  o f  
the  p o s t e r i o r  s t i g m a t i c  lobe  and a p o l l e n  g r a i n  
i s  seen a d h e r in g  to  th e  apex o f  th e  p o s t e r i o r  
l o b e .  P i g .  303* At th e  t i i . e  of p o l l i n a t i o n ,  th e  
s t i g m a t i c  lo b e s  rem ain  a lm ost  e r e c t  and t h e  p o l ­
l e n  g r a i n s  a re  seen  e n ta n g le d  in  th e  s t i g m a t i c  
s e c r e t i o n .  P i g .  304. The apex o f  t h e  a n t e r i o r  
s t i g m a t i c  l o b e ,  showing the p a p i l l a e . P i g .  30 5. 
13ot__ th e  s t i g m a t i c  lo b e s  a re  e q u a l ly  d ev e lo p e d .
The a n t e r i o r  s t i g m a t i c  lobe  i s  r e f l e x e d  and c o i l ­
ed .  The p o l l e n  g r a i n s  a re  e n t a n g le d  in  the s t i g ­
m a t ic  s e c r e t i o n .  P i g .  306. Embryo sac  i n  which 
the second male n u c le u s  i s  seen  n e a r  the  second­
a ry  n u c l e u s .  P i g .  307• The p a p i l l a t e  apex o f  
a n t e r i o r  s t i g m a t i c  l o b e .  P i g .  308. T h is  f i g u r e  
shows th e  r e l a t i v e  p o s i t i o n  o f  t h e  a n t e r i o r  s t i g ­
m atic  lobe  and th e  a n t h e r .  The p o l l e n  t u b e s  r e a c h  
th e  s t igm a  d i r e c t l y .  P i g .  309• The co n d u c t in g  t i s ­
sue i n  s t y l a r  c a n a l  and the cou rse  o f  th e  p o l l e n  
tu b e  th ro u g h  i t .  P i g .  310. Embryo sac  showing 
double  f e r t i l i z a t i o n .  The two p o l a r  n u c l e i  and 
th e  second male n u c le u s  a re  l y i n g  t o g e t h e r .  P ig .  
311. Embryo sac  showing double f e r t i l i z a t i o n .
The secondary  n u c le u s  and th e  second male n u c le u s  
a re  seen  t o g e t h e r .
(R e c o n s t ru c te d  f i g u r e s  306 ,  310 .& 311)
—  „ 4* >
P i g s .  301 ,303, 304, 308: x 177. P i g .  302: x 50.
P i g .  305: x 78. P i g .  306: x 531 . P i g s .  307 & 309: x 394. 
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PLATE XXVII
P i g s .  312-320. U . s t e l l a r i s  v a r .  inff lexa* F i g .  312. The
d i v i s i o n  o f  the  p r i ;  a ry  endosperm c e l l .  The sm all  
n u c le u s  i n  the  f e r t i l i z e d  egg may b e lo n g  to  th e  
p e r s i s t e n t  s y n e r g id .  jn e  s y n e r g id  h a s  been  des ­
t r o y e d  d u r in g  th e  e n t ry  o f  the  p o l l e n  tu b e  i n t o  
t h e  sa c .  i lo te  th e  rem ains o f  the p o l l e n  tu b e  i n  
th e  embryo s a c .  P ig .  313* T w o-celled  s t a  e of  en­
dosperm. The embryo sac has  d iv id e d  i n to  prim ary  
c h a l a z a l  and p rin iary  m ic ro p y la r  chambers. One sy­
n e r g id  p e r s i s t s .  P i g .  314. The two endosperm c e l l s  
a re  d i v i d i n g  s im u l ta n e o u s ly  asad i n  the  l o n g i t u d i n a l  
p la n e .  P i g .  315* The 4 - c e l l e d  s t a ,  e of t h e  endos­
perm. The f o u r  endosperm c e l l s  a re  a r r a n g e d  i n  one 
p la n e .  P i g .  316. The n u c l e i  of t h e  two micro p y la r  
endosperm c e l l s  o f  th e  4 - i m c l e a t e  s ta g e  a re  d i v i ­
d in g .  P i g .  317* The two n u c l e i  o f  the  c h a l a z a l  en­
dosperm a re  d iv id in g , ,  w hile  f o u r  c e l l s  a re  p r e s e n t  
i n  the  m ic ro p y la r  chamber. P i g .  316* 6 - c e l l e d  
s ta g e  o f  the endosperm. A ll  th e  c e l l s  a re  i n  one 
p la n e .  The m ic ro p y la r  and c h a l a z a l  h a u s t o r i a  and 
th e  i n i t i a l s  o f  th e  endosperm have d i f f e r e n t i a t e d .  
B o tn  t h e  s y n e r g id s  p e r s i s t .  P i g .  319* 8 - c e l l e d  
endosperm. The f o u r  endosperm ce...ls o f  micro p y la r  
chamber a re  a t  r i g h t  a n g le s  t o  th o s e  o f  t h e  c h a la -  
chamber. P ig .  320. The micro p y l a r  haus to r ium, 1
w it ] . i t s  two nuc'l e i  w hich have b e come v e r y l a r g e .
The j.. o * e s o jC t h e a p i c a l  pa. r t  o f  t he h a u s to r iu m  e n -
jr  rz t h e  c a v i i -  -> - ■ r. p ro d u c e d Dj' i-».h 0 f j j. so p a n i z a t i o n  o f
t h e p l a c e n t a l  n u t r i + i v e  t i r  Q i " !  A  . ... K. ULw•
(R e c o n s t ru c te d  f i g u r e s  312-319) 
i g s . 312-319'. x 690. P i g .  320: x 471 •
1

1? Jj A - xj v J, «L I  i
» ^
P i g s .  321*326. U. - ^ e l l a r i s v a r .  i n f  l e  x e . P i / ; .  321 . L .b .
o f  an o ld  ovule  showing th e  end.jz\->eri.i and the  eo- 
b r y o .  Che m .icropylar h a u s t c r i u c  has become m u l t i -  
n u c l c a t e .  l o r e  of  th e s e  n u c l e i  b e lo n g  to  t h e  d i s ­
o rg a n iz e d  p l a c e n t a l  c e l l s  and so re  to  the a c c e s ­
so ry  h a u s t o r i a l  c e l l s .  The o r i g i n a l  h a u s t o r i a l  
n u c l e i  have become very  l a r g e . The c lu b -sh ap ed  
embryo i s  seen  embedded in  th e  c e l l u l a r  endosperm. 
The p e r s i c t e n t  sy n c rg id  i s  seen  a t  t h e  base  o f  the  
su sp o n so r .  The e h a l a s a l  haus to r iu ro  i s  u n in u c le a t e  
and i s  d i r e c t e d  to w ard s  th e  f u n i c u l a r  s id e  o f  th e  
o v u le .  P i g s .  322 Lz 323. C o n secu t iv e  s e c t i o n s  of  
an o ld  m ic r o p y la r  h au e to r iu m  showing a number o f  
n u c l e i  o f  d i f f e r e n t  shapes and s i z e s .  P i g .  324.
5 he e h a l a s a l  endosperm haus to r iu rn  i s  seen to u c h in g  
t h e  e p id e rm is  of  th e  o v u l e . I t s  apex has become 
p e l t a t e .  P i g .  325. O h a laza l  endosperm liaustorium  
and th e  a c c e e s o r /  h a u s t o r i a l  c e l l s  b e lo n g in g  to  
t  h e e idosper- pro p e r .  ITote t  h e f  o i t  . and s i  ze o f  
the  a c c e s s o ry  h a u s t o r i a l  c e l l .  P i g .  326. An ex­
c e p t io n a l  endosperm in  which the  e h a l a s a l  haus-  
tc r iu m  hr s grown to w ard s  l i e  base  o f  th e  f u n i c l e  
and b o th  o f  i t s  n u c l e i  a re  d i v id i n g .
( l i e c o n s t ru c te d  f i g u r e s  321 , 325 & 326)




P i g s .  327-334 . U. s t e l l a r  i s  v a r .  i n f l e x a . P i g .  327. 4 - c e l -
l e d  endosperm 'showing T -shaped  a rrangem ent o f  c e l l s .  
B o th  the  endosperm c e l l s  of the m ic ro p y la r  chamber 
have become h a u s t o r i a l . P i g .  328 . 4 - c e l l e d  endos­
perm. h a v in g  l i n e a r  arrangem ent o f  c e l l s .  P i g .  329. 
8 - c e l l e d  endosperm i n  which the  fo u r  c e l l s  o f  th e  
c h a l a z a l  chamber a re  d isp o se d  i n  th re e  t i e r s .
P i g s .  330-332. C o n secu t iv e  s e c t i o n s  o f  an embryo 
sa c  showing t h a t  r e p e a t e d  t r a n s v e r s e  d i v i s i o n s  have 
ta h e n  p la c e  i n  b o th  the chambers d u r in g  th e  deve­
lopm ent o f  th e  endosperm. The f o u r  a p i c a l  c e l l s  
show h a u s t o r i a l  c h a r a c t e r i s t i c s ,  while  th e  c h a la ­
z a l  h au s to r iu m  i s  a b s e n t .  The zygote  does n o t  show 
any si ,p i  o f  developm ent.  P i g .  333- 3 - c e l l e d  endos­
perm showing t h a t  t h e  d i v i s i o n  in  the p r im ary  mi­
cro  py l a  r  chamber had been t r a n s v e r s e , the two c e l l s  
had  been  in c o m p le te ly  s e p a ra te d  and b o th  have become 
h a u s t o r i a l .  P i g .  334. 3 - c e l l e d  endosperm showing 
t h a t  d i v i s i o n  i n  th e  pr im ary  m ic ro p y la r  chamber had 
been  l o n g i t u d i n a l .  The c e l l s  had been  in co m p le te ly  
s e p a r a t e d .  Both the  c e l l s  o f  the c h a l a z a l  chamber 
may have behaved  as  h a u s to r iu m .
C -e c o n s t ru c te d  f i g u r e s  327-329 , 333 & 334)
P i g s .  327, 330-332 & 334: x 500 . P i g s .  328, 329 & 
333: x 658.
-J. y* i , im

PLATE XXX
P i g s .  335-340. U. a r c u a t a . P ig .  335. 2 - c e l l e d  endosperm.
' h e  emoryo sac h a s  d iv id e d  i n to  m ic ro p y la r  and cha- 
l a s a l  chambers. P i g .  336. 4 - c e l l e d  endosperm* th e  
c e l l s  a re  a r r a n g e d  i n  one p l a n e .  P ig .  337. 8 - c e l ­
l e d  endosperm , the  c e l l s  a r e  a r r a n g e d  i n  f o u r  t i e r s  
o f  two c e l l s  e ach .  The endosperm i s  bow—shaped.
P i g .  338 . 6 - n u c l e a te  s ta g e  o f  endosperm . There a re  
two in c o m p le te ly  s e p a r a te d  c e l l s  in  the  m ic ro p y la r  
chamber, w h ile  fo u r  f r e e  n u c l e i  a re  seen in  th e  cha- 
l a z a l  chamber. Pig* 339* L .S .  o f  an o ld  ovule-show ­
in g  th e  1 2 - c e l l e d  s ta g e  of endosperm. A p o r t i o n  o f  
th e  p l a c e n ta  has  been in c lu d e d  to  show th e  r e l a t i o n  
o f  th e  m ic ro p y la r  haus to r ium  and th e  p l a c e n t a l  n u t ­
r i t i v e  t i s s u e .  The apex o f  th e  zygo te  i s  seen  em­
bedded in  the  c e l l u l a r  endosperm. The endosperm i s  
a lm ost  U -shaped .  P i g .  340. An e x c e p t io n a l  endosperm 
i n  which th e  m ic ro p y la r  h a u s to r iu m  has c rep t  o v e r  
th e  s u r f a c e  o f  th e  p l a c e n t a .
(Re c o n s t r u c t  e d f i g u r e s  337-340)
P i g s .  335-338: x 799- P i g .  339: x 536. P i g .  340: x 291 .

PLATE XXXI
P i g s .  341-347 * U. u l i g i n o s a . Pig* 341. The p r im ary  endos-  
perr. c e l l  i s  d i v i d i n g  t r a n s v e r s e l y .  There i s  a 
sm all  n u c le u s  n e a r  t h e  zygote  n u c le u s  which cay be 
n u c le u s  ox th e  p e r s i s t e n t  s y n e r g id .  Pig* 342. 2-
c e l l e d  endosperm. P ig .  343. 4 - c e l l e d  endosperm, 
the c e l l s  be ing  a r r a n g e d  i n  one p l a n e .  P i g .  344.
An e x c e p t io n a l  3 - c e l l e d  endosperm showing t h a t  d i ­
v i s i o n  i n  the  c h a l a z a l  c h a r i e r  has  p receded  t h a t  i n  
th e  micro p y l a r  chamber. P i g .  345* 6 - c e l l e d  endos­
perm showing t h a t  t h e  d i v i s i o n s  i n  the m ic ro p y la r  
endosperm chamber have p reced ed  t h a t  o f  c h a l a z a l  
chamber. P i g .  346. 8 - c e l l e d  endosperm i n  which the  
two h a u s t o r i a  and the  i n i t i a l s  o f  th e  endosperm pro 
p e r  have been  d i f f e r e n t i a t e d .  P i g .  347* L .S .  o f  an 
o ld  o v u le .  A p a r t  o f  the p l a c e n t a  has  been i n c lu d ­
ed i n  the  f i g u r e  to show the  r e l a t i o n  o f  the  m icro-  
p y l a r  h au s to r iu m  to  the p l a c e n t a l  n u t r i t i v e  t i s s u e .  
5“ c e l l e d  proembryo i s  seen  embedded in  the  c e l l u l a r  
endosperm. The body o f  the endosperm has  become C- 
sh a p e d .
(R e c o n s t ru c te  d f i  g u res  341, 343, 34 6 & 347)
P i g s .  341-346: x 744. Pig* :>47** x 397.
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P i g s .  348-355* U. s t r i a t u l a .  P i g .  348. The d i v i s i o n  ox the
prim ary  endosperm c e l l .  P i g .  349* 2 - c e l l e d  endos­
perm. The embryo sac  has  d iv id e d  i n t o  m ic ro p y la r  
and c h a l a z a l  chambers. The p e r s i s t e n t  sy n e rg id  i s  
a l s o  seen .  P i g .  350. 4 - c e l l e d  endosperm, the  c e l l s  
a re  a r r a n g e d  i n  one p l a n e .  P i  s .  351 & 352. 6 - c e l -  
l e d  endosperm showing de layed  d i v i s i o n s  i n  th e  cha­
l a z a l  endospernyfchamber. P i g .  353. 5 - c e l l e d  endos­
perm.. Two d i v i s i o n s  have been com pleted  i n  th e  mi­
c r o p y l a r  endosperm chamber, w hile  the c h a l a z a l  cham­
b e r  i s  d i v id i n g  f o r  the  f i r s t  t im e .  A f t e r  th e  w all  
f o r m a t io n ,  the  c h a l a z a l  chamber would have d iv id e d  
t r a n s v e r s e l y . P i g .  354. I . S .  o f  an o ld  o v u l e . A 
p o r t i o n  o f  th e  p l a c e n ta  h a s  been in c lu d e d  in  the f i ­
gure t o  show t h e  r e l a t i v e  p o s i t i o n s  o f  the  f r e e  end 
o f  th e  in te g u m e n t ,  the  f u n i c l e  and the c h a la z a .
The endosperm i s  a lm ost  U -shaped .  The pro embryo 
i s  a t  7 - c e l l e d  s t a g e .  P i g .  355« An o l d e r  s t a g e  o f  
endosperm showing t h a t  i t s  middle r e g io n  i n  which 
the  embryo i s  lo d g e d ,  i s  q u i te  t h i c k .  The n u c le i  
o f  the  m ic ro p y la r  h au s to r iu m  r e t a i n  t h e i r  shape and 
th e  c h a l a z a l  n u t r i t i v e  t i s s u e  comes to l i e  n e a r  th e  
b a se  o f  t h e  f u n i c l e .
(R e c o n s t ru c te d  f i g u r e s  348-355)

P ig s
P M S  2 XXIII
356-385* U . s t e l l a r i s  v a r .  i n f l e x a . P ig .  356. I n i t i ­
a t i o n  o f  tube  f o r m a t io n  o f  the  z y g o te .  The p e r s i s ­
t e n t  sy n e rg id  i s  s i t u a t e d  a t  i t s  b a s e .  P i g .  357 * 
i-. p o r t i o n  ox th e  c e l l u l a r  endosperm and the  zy g o te .  
Note th e  bend ing  o f  th e  z y g c t i c  tu b e  i n  o r d e r  to  en- 
m IT.: t i s s u e .  ?  i g ., 3 5.8 .^itiaksyo sac  i n ^
’ fm x lh  a* Tube ^  t
embedded in  the  endosperm. P i g .  359. P i r s t  d i v i s i o n  
o f  th e  z y g o te .  P i g .  360. 2 - c e l l e d  pro embryo formed 
by t r a n s v e r s e  d i v i s i o n  o f  th e  z y g o t e . Pig* 361. 
D iv i s io n  o f  c b . P i g .  362. 3 - c e l l e d  pro embryo in  
which ca i s  d i v id i n g  t r a n s v e r s e l y .  P i g .  363. Simul­
ta n e o u s  d i v i s i o n  of ca anc cb .  P i g .  364-* 4 - c e l l e d  
l i n e a r  proenitryonic  t e t r a d .  P i g .  365. 6 - c e l l e d  p ro ­
embryo in  which m has d iv id e d  l o n g i t u d i n a l l y .  P i g .  
366. 1 0 -c e l l e d  pro embryo ( s ee  e x p la n a t io n  in  th e  
t e x t ) .  P ig .  367 . 2 - c e l l e d  pro embryo i n  which cb 
i s  d i v id i n g  and a f t e r  w a l l  fo rm a t io n  th e  c e l l ,  m, 
w i l l  be cut o f f  i n  l a t e r a l  p o s i t i o n .  P i g .  368. 
3 - c e l l e d  proembryo i n  which one end o f  the  s e p a ra ­
t i n g  w a ll  between n  and c i  m eets  th e  o r i g i n a l  w a l l  
between ca and c b .” P ig .~ 1j69* 3 - c e l l e d  pro embryo i n  
which ca h a s  undergone v e r t i c a l  d i v i s i o n .  P i g .  370. 
3 - c e l l e d  pro embryo i n  which ca  i s  d i v id i n g  l o n g i t u ­
d i n a l l y .  Pig* 371. T -shaped  proem bryonic  t e t r a d .  
P i g s .  372 & 373. O b lique  d i v i s i o n  o f  the  zy g o te .
P i g s .  374 & 37 5* Proembryos i n  which the c e l l  ca 
h a s  been  cut o f f  i n  the  l a t e r a l  p o s i t i o n .  P ig .
37 6. 4 - c e l l e d  pro embryo i n  which f i r s t  d i v i s i o n  i n  
t h e  zygo te  h a s  been  v e r t i c a l  and th e  pro embryonic 
t e t r a d  i s  a lm o s t  i s o  D i l a t e r a l .  P ig* 377. L .S .  of 
young embryo which i s  c lu b -sh a p e d ,  iloxe t h a t  t h e  
su sp e n so r  i s  o n e - c e l l e d .  The p e r s i s t e n t  sy n e rg id  
i s  seen  a t  t h e  ba se  of  the s u s p e n so r .  P i g s .  378 & 
379* O u t l i n e  diagrams of b u n -sh ap ed  and d i s c - s h a ­
ped emoryos r e s p e c t i v e l y .  P i g .  380. A p o r t i o n  of 
t h e  a p i c a l  growing r e g i o n  o f  a m ature  embryo- P i g .  
381. A p o r t i o n  of th e  b a s a l  end o f  mature embryo 
drawn a t  th e  same m a g n i f i c a t i o n  a s  t h a t  i n  f i g u r e  
380 .  P i g s .  382 & 383* Abnormal embryos a t  d i f fe lu ­
en t  s t a g e s  o f  development i n  which b o th  ends a re  
p o i n t e d .  P i g .  384. The a p i c a l  p o r t i o n  of  t h e  embryo
a k  , aUawn i n . | i & u r e ^ S 3 * t,;- P-ig<-,365-* TLh§ ,.ou t , l i ne o f  an  
•Mjryo whop*
c o ty le d e n a ry  and p lum ula r  p r im o r d ia .
' *'4» 4 “ • •
( R e c o n s t ru c te d  f i g u r e s  358, 363, 369 & 382)
P i g s .  356-377 & 384: x 407. P i g s .  378, 379, 383 & 385: 
x 78 .  P i g s .  380 & 381: x 607. P i g ^ .  382: x 178.

PLA'iil iiXJLX'V
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P i g s .  386-407. U. a r c u a t a .  F i g .  386. I n i t i a t i o n  o f  zygo­
t i c  t u b e .  F i g s . 387 & 388. T ra n sv e r se  d i v i s i o n  
o f  t h e  z y g o te . F i g .  389* 3 - o e l l e d  pro embryo in  
which ca i s  u n d iv id e d .  P i g .  390. 3 - c e l l e d  p ro ­
embryo in  which _ca has  d iv id e d  v e r t i c a l l y  and cb 
i s  -undivided. P i g .  391 * $ - shaped  proembryonic 
t e t r a d .  P i g .  392. T -shaped  proembryonic t e t r a d  
i n  which ca h a s  d iv id e d  by a cu rved  w a l l .  P i g s .
393 & 394. 5 - c e l l c d  proembryos i n  which the  two 
d a u g h te r  c e l l s  o f  m and th o s e  o f  ca a re  d isp o se d  
in  a p lane ao r i g h t  a n g le s  to  each  o t h e r .  P ig .
395. 6 - c e l l e d  proembryo. The c e l l ,  c i , h as  d i ­
v id e d  t r a n s v e r s e l y  w hile  m and ca have d iv id e d  
l o n g i t u d i n a l l y • P i g .  396. quad ran t  s t a g e  o f  proem­
b r y o .  The c e l l s  o f  th e  quadran t  a re  d isp o sed  i n  
two t i e r s .  The two d a u g h te r  c e l l s  o f  m a re  s i t u ­
a t e d  i n  th e  l a t e r a l  p o s i t i o n .  P i g .  397* O c tan t  
s t a g e  o f  the pro embryo. The c e l l s  o f  th e  o c t a n t  
a re  d isp o se d  i n  two t i e r s  o f  f o u r  c e i l s  each .  P i g .  
398. 2 - c e l l e d  proembryo i n  which th e  w all  s e p a ra ­
ting- ca  and cb_ i s  o b l iq u e .  P i g .  399* 2 - c e l l e d  p ro -  
embryo i n  which ca i s  s i t u a t e d  in  t h e  l a t e r a l  p o s i ­
t i o n  due to  v e r t i c a l  d i v i s i o n  o f  th e  zy g o te .  P i g .  
400. 4 - c e l l e d  proembryo showing a lm ost i s o b i l a t e r a l  
a rrangem ent o f  i t s  c e l l s .  P i g .  401 . 4 - c e l l e d  p ro -  
embryo in  which one end o f  the  w a l l ,  s e p a r a t i n g  m 
and c i ,  meets the  o r i g i n a l  w a l l  which s e p a r a te d  ca 
and c b . P i g .  40.2. C lub-shaped  embryo i n  l o n g i t u d i ­
n a l  s e c t i o n .  P i g .  403. O u t l in e  o f  a m ature  embryo 
which i s  e lo n g a te d  a lo n g  i t s  a x i s .  ITote th e  w e l l -  
d e f in e d  a p i c a l  grow ing r e g i o n .  P i g .  404. The o u t ­
l i n e  o f  an e x c e p t io n a l  embryo which i s  p o in te d  a t  
b o th  e n d s . P i g .  405• L .b .  of th e  a p i c a l  growing 
r e g io n  of a mature  embryo. P i g .  406. 1 . 3 .  o f  eEm­
bryo  showirf; polyeiabryony. P i g .  407. O u t l in e  o f  
#  ' i M i  ■ i f  ^ e n  ^ a c e .
(R e c o n s t ru c te d  f i g u r e s  392 & 397)
P i g s .  386-401“  x 641 . P i g s .  402-404 & 407: x 188.
P ig s .  405 & 406: x 429.

PLATJi XXXV
PigSt. 4G%~427 • U. u l i g j n q s a . F i g .  408. The z y g o t ic  t u b e .
The n u c le u s  ig-"'Sl1raa!be^%s& th e  i  i'HTg.
409. 2 - c e l l e d  proembryo produced by t r a n s v e r s e  d i ­
v i s i o n  o f  th e  z y g o te .  P i g .  410. 3 - c e l l e d  proembryo. 
ri'he c e l l ,  c b , h a s  d iv id e d  t r a n s v e r s e l y .  P i g .  411. 
■ ' - sh ap ed  pro em bryonic  t e t r a d .  P i g .  412. 5 - c e l l e d  
proem bryo. -h e  c e l l ,  m, has  d iv id e d  v e r t i c a l l y .
P i g .  413. 6 - c e l l e d  proembryo. One o f  the two jux ­
t a p o s e d  c e l l s ,  c_, i s  d iv id in g  v e r t i c a l l y .  P ig .  414.
S - c e l l e d  proembryo. The c e l l s  o f  the  quadran t , '
a r e  d i sp o se d  in  one t i e r .  The c e l l ,  m, has  been
segmented by a curved  •■rail, whose one end r .e e ts  t h e  
o r i g i n a l  w a ll  which s e p a r a te d  ca and cb. P i g .  415*
9 ~ c e l le d  proem bryo. The c e l l ,  n ,  h a s  been  segmented
i n  the  l a t e r a l  p o s i t i o n .  P i g .  415. O c tan t  s tag e  of
t h e  pro embryo. The c e l l s  o f  the o c ta n t  a re  d isp o sed  
i n  two t i e r s  o f  f o u r  c e l l s  each .  P i g .  417* 6 - c e l l e d  
pro  embryo showing the  c e l l s  o f  the  quadran t  d i sp o se d  
in) two t i e r s  o f  two c e l l s  e a c h .  The c e l l ,  m, i s  s i ­
t u a t e d  i n  a l a t e r a l  p o s i t i o n .  P i g .  418. 8 - c e l l e d  
pro embryo showing t h e  q u a d ra n ts  to  be d isp o se d  i n  two 
t  j . o r £5 • OiiG 0 f  th e  c e l l s  o f  the q u ad ran t  has  d iv id e d  
v e r t i c a l l y .  The c e l l ,  m, i s  s i t u a t e d  in  a l a t e r a l  po­
s i t i o n .  P i g .  419* 12 - c e l l e d  proembryo in  which th e  
quadran t  c e l l s  were d isp o sed  in  two t i e r s .  F iv e  c e l l s  
have a r i s e n  by th e  v e r t i c a l  d i v i s i o n s  o f  th e  low er 
t i e r  of th e  q u a d r a n t . P ig -  420. 2 - c e l l e d  pro embryo 
produced by a lm os t  v e r t i c a l  d i v i s i o n  o f  th e  zy g o te .  
P i g .  421 ... 4 - c e l l e d  pro embryo showing th e  c e l l s ,  £ ,  s i ­
t u a t e d  i n  a l a t e r a l  p o s i t i o n .  The c e l l ,  m, a l s o  has  
been  segmented i n  a l a t e r a l  po s i t  i o n . P ig .  422. L.-S. 
o f  a c lu b -sh ap ed  embryo. P i g .  423. L .S .  o f  a lm ost  
s p h e r i c a l  embryo. P i g .  424. O u t l in e  o f  a mature  em­
bryo  which i s  elorx £,ated alo^XiS 3_"fcs cijL-l s .  The a p i c a l  
grow ing r e g io n  i s  v e ry  s h o r t .  P i g .  425* P a r t  o f  a 
mature embryo showing t h e  a p i c a l  growing r e g i o n .
P i g .  426. P a r t  o f  th e  b a s a l  r e g io n  o f  an embryo.
. P i g .  427 • O u t l in e  o f  an embryo which shows two l a t e r -
ipNllft.ly S i t u a t e d  httmpsK -♦>
* * -  (R e c o n s t ru c te d  f i g u r e s  411-421 & ■ 4 27)
P i g s .  408-421: x 690. P i g s .  422 , 425-427: x 524. 
P i g .  423: x 368. P i g .  424: x 138.
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PLA.E XXXV1
P i g s . 428-438. U. s t r i a t u l a . P ig*  428. I n i t i a t i o n  o f  th e  
form a t  Ton o f  zym otic  t u b e .  F i g .  429. A Ion:;: zy­
g o t i c  tube  showing th e  n u c le u s  m ig ra te d  in to  t h e  
ap ex .  P i ;  . 430. 2 - c e l l e d  proembryo formed by 
t r a n s v e r s e  d i v i s i o n  of the zy g o te .  P i g .  431. 3 -  
c e l l e d  proembryo i n  wilier th e  c e l l ,  c a ,  h a s  d i v i ­
ded v e r t i c a l l y .  P i g .  432* 6 - c e l l e d  proembryo.
The c e l l s  o f  th e  q u a d ra n t  a re  d isp o s e d  i n  one t i e r .  
P i g .  433. 9 - c e l l e d  proembryo. One c e l l  of  each 
t i e r  o f  th e  quadran t  h a s  d iv id e d  v e r t i c a l l y .  P i g .  
434. The c e l l ,  c a ,  has  been segmented i n  t h e  l a ­
t e r a l  p o s i t i o n .  I t s  n u c le u s  i s  seen d i v i d i n g .
P i g .  435. Proem bryonic  t e t r a d  showing a lm ost  i s o ­
b i l a t e r a l  a rrangem ent o f  c e l l s .  P i g .  436. L in e a r  
proem bryonic  t e t r a d .  P i g .  437* O u t l in e  o f  a r e ­
t o r t - s h a p e d  embryo. P i g .  438. O u t l in e  o f  a mature 
embryo which i s  e lo n g a te d  ,a long  i t s  a x i s .  The 
a p i c a l  growing r e g io n  i s  a b s e n t .
(R e c o n s t ru c te d  f i g u r e s  432, 433 & 436)





F i g s .  439 & 440« U. s t e l l a r i s  v a r .  i n f l e x a ; F i g s .  441-443.
U. a r c u a t a ;  F i g s .  444 & 445- U. u l i g i n o s a ; F i g s .  446 & 447.
U . s t r i a t u l a . F i g .  439* A p ic a l  p a r t  o f  th e  seed and a por­
t i o n  o f  th e  p l a c e n t a  showing the p lu g  of  endosperm 
c e l l s ,  t h e  m ic ro p y la r  h a u s to r iu m , th e  p l a c e n t a l  n u t ­
r i t i v e  t i s s u e  and some c e l l s  o f  th e  p l a c e n t a .  F i g .  
440. P a r t  o f  seed showing th e  seed  c o a t ,  degenera ­
t i n g  c e l l s  o f  the  in tegux e n t , t h e  p e r s i s t e n t  l a y e r  
of endosperm and th e  a e g e n e r a t in g  u n d e r l y in g  endos- 
pe rm lbe l ls . F i g .  441. A l o n g i t u d i n a l  s e c t io n  o f  t h e  
a p i c a l  p a r t  o f  th e  seed  and a p o r t i o n  o f  th e  p la c e n ­
t a  showing the  p lu g  o f  endosperm c e l l s ,  t h e  micro py­
l a r  h au s to r iu m  end th e  p l a c e n t a l  n u t r i t i v e  t i c s u e .
F i g .  442. l . o .  o f  a mature seed  showing th e  seed 
c o a t  and the p e r s i s t e n t  l a y e r  o f  endosperm. F i g .  
443. L .S .  o f  a mature  seed i n  which th e  endosperm 
l a y e r  h a s  d e g e n e ra te d .  F i g .  444. A p a r t  of t h e  a p i ­
c a l  r e g io n  o f  th e  seed  and a p o r t i o n  o f  th e  p la c e n ­
t a  showing th e  p lu g  o f  endosperm c e l l s ,  the  micro­
py l a r  h au s to r iu m  and p l a c e n t a l  n u t r i t i v e  t i s s u e .
F ig .  44 5. L .S .  o f  a mature  seed  showing th e  seed 
coa t  and th e  p e r s i s t e n t  l a y e r  of  endosperm. F i g .  
446. L .S .  of a seed  a t t a c h e d  to  t h e  p l a c e n t a ,  show­
i n g  th e  seed  c o a t ,  t h e  d e g e n e ra te d  endosperm c e l l s  
and th e  p lu g .  F i g .  447* T .u .  o f  th e  seed .




44- 395. p-i 440, 442, 443,
*

